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EXECUTIVE SUMMARY
INTRODUCTION

This Remedial Investigation (RI) report evaluates the nature and extent of potential threats to public
health and the environment posed by the release or threatened release of hazardous substances,
pollutants, or contaminants at Operable Unit No. 13 (Site 63), Marine Corps Base (MCB), Camp
Lejeune, North Carolina. Furthermore, this report supplies information and findings that support
the Feasibility Study, Proposed Remedial Action Plan, and Record of Decision documents. The field
investigation at Site 63 included sampling of soil, groundwater, surface water, and sediment
environmental media; the resultant analytical data were evaluated; and both human health and
ecological risk assessments were performed. The paragraphs which follow describe the findings of
this RL

Operable Unit Descripti

Operable units are formed as an incremental step toward addressing individual site concerns. There
are currently 42 Installation Restoration Program (IRP) sites at MCB, Camp Lejeune, which have
been grouped into 18 operable units. Operable Unit No. 13 is comprised of one site (Site 63) and
is located within the western portion of the facility, to the south of Marine Corps Air Station
(MCAS), New River. '

Site Descripti 3 Hist

The Verona Loop Dump (Site 63) is comprised of approximately five acres and is located nearly two
miles south of the MCAS, New River operations area. Vehicle access to the site is via Verona Loop
Road, east from U.S. Route 17. The study area is located along Verona Loop Road approximately
1.25 miles from U.S. Route 17. Site 63 is bordered to the south by Verona Loop Road, to the east
by an unnamed tributary to Mill Run, and to the west by a gravel access road.

Site 63 is relatively flat, however, the eastern portion slopes toward an intermittent stream along the
eastern boundary of the study area. This unnamed tributary that borders the study area to the east,
discharges into Mill Run approximately 2,000 feet south of Site 63. Mill Run then discharges into
the Southwest Creek which eventually flows into the New River. A drainage ditch along Verona
Loop Road receives surface water runoff from the extreme southern portion of the site and the
asphalt road surface.

Much of the site is heavily vegetated with dense understory and trees greater than three inches in
diameter. A partially improved gravel road provides access to the main portion of the study area;
other unimproved paths extend outward from this road. Several personnel entrenchments, used
during training exercises, have been excavated throughout the study area. Earthen berms and small
to medium size trees have been felled to construct protective works around many of the
entrenchments.

Very little information is known regarding the history or occurrence of waste disposal practices at
Site 63. The study area reportedly received wastes generated during training exercises. The type
of materials generated during these exercises are described only as "bivouac" wastes. Additional
information suggests that no hazardous wastes were disposed of at Site 63. The years during which
disposal operations may have taken place are not known. Training exercises, maneuvers, and
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recreational hunting are frequently conducted in the area. Photographs ES-1 through ES-6 depict
conditions at Site 63.

SITE CHARACTERISTICS

The following provides information concerning the topography, surface water hydrology, geology,
and hydrogeology of Site 63. Detailed information pertaining to site characteristics is presented in
Section 2.0 of this report.

T raphy an rface F re

A topographic high occurs at Site 63 along a northeast-southwest trending axis located immediately
west of the site's gravel access road. A "saddle" feature is apparent along this axis in the central
portion of the study area due to a slight elevation decrease. The slope along the eastern side of the
axis represents the west bank of an unnamed tributary. The grade along the western side of the axis
falls gently to the west.

Site 63 is mainly wooded, with undergrowth. A small area containing a few dead and fallen trees
was observed in the vicinity of well 63-GW02 during a site visit in February, 1995. However, new
vegetation was observed in this area at the time of investigation. Bivouac and construction wastes
have been observed throughout the study area. These wastes included Meals-Ready-to-Eat (MRE)
packaging, ammunition containers, concrete debris, wood, and steel. Small soil mounds and
personnel entrenchments were also observed throughout Site 63.

Geology

The uppermost geologic formation underlying Site 63 is an undifferentiated formation. The
Belgrade Formation lies below, with the River Bend Formation below that. Due to the scope of this
investigation, the borings at Site 63 are relatively shallow; none of the borings extended through the
undifferentiated formation. The observed undifferentiated formation at Site 63 can generally be
divided into two units; the upper unit and lower unit. The upper unit consists of relatively coarse-
grained sediments; fine sands with lesser amounts of silt and clay. Lenses of silt or clay are also
present within the upper unit. Silty sediments have replaced portions of the sand in the northwest
portion of the site. The lower unit consists of relatively fine-grained silt and clay that typically have
a distinct gray color. Predominantly fine-sandy sediments replace the silt and clay in the southeast
portion of the site. Even though the lower unit generally contains finer-grained sediments than the
upper unit, it does not appear to be a confining or semi confining unit. Water was frequently
encountered in soils collected from borings penetrating the lower unit. '

Hydrogeology

There are several aquifers and intervening confining units underlying MCB, Camp Lejeune.
According to the U.S. Geological Survey (USGS) report, the surficial aquifer occurs within the
sediments of the undifferentiated formation. The Castle Hayne confining unit occurs in sediments
of the Belgrade Formation. Below the confining unit, the upper portion of the Castle Hayne aquifer
occurs in sediments of the River Bend Formation. '
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Photograph ES-1: This photograph was taken facing north from the access road
at Site 63. The gravel road pictured here provides access to the central
portion of the study area; unimproved paths extend from this road.

Photograph ES-2: This photograph was taken facing northwest from Verona
Loop Road toward Site 63. The study area is located along Verona Loop
Road approximately 1.25 miles east of U.S. Route 17. The gravel access
o road, pictured in photograph ES-1, turns north at this location.

ES-3
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Photograph ES-3: This photograph was taken facing south from the gravel
access road toward Town Point Road. As pictured, much of the site is
heavily vegetated with dense understory and trees greater than three
inches in diameter.

Photograph ES-4: This photograph depicts the unnamed tributary that borders
Site 63 to the east and a survey stake which denotes a sampling station.

ES-4
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Photograph ES-5: Reinforced concrete rubble, construction material, and various
other inert debris pictured here was identified at Site 63. The observed
material was limited to a number of distinct piles or areas, rather than
being strewn throughout the study area.

Photograph ES-6: This photograph depicts one of the many personnel
entrenchments, presumably constructed during training exercises, that
have been excavated throughout the study area. As pictured, an earthen
berm and felled trees have been used to form protective works.

ES-5
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This study was limited to the uppermost aquifer, the surficial aquifer. The thickness of the surficial
aquifer at Site 63 was not determined, due to the relatively shallow depths of the borings. Cross
sections from the USGS report indicate that the Castle Hayne confining unit is absent west of
Site 63. The surficial and Castle Hayne aquifers have a combined thickness of approximately
200 feet. The surficial and Castle Hayne aquifers are hydraulically connected in the absence of a
confining unit.

Groundwater flow under the site appears divergent, perhaps radial, with flow to the west and to the
east. A groundwater table high corresponds with a topographic high. Groundwater east of the
divide appears to be flowing east toward the unnamed tributary at a velocity of approximately 0.73
feet/day. Groundwater appears to discharge to the unnamed tributary. The direction of groundwater
flow and the relative elevations of the groundwater and the creek support this conclusion.
Groundwater west of the divide appears to be flowing toward Mill Run at a velocity of
approximately 0.08 feet/day. This conclusion is based on the location of the Mill Run stream valley
with respect to the observed groundwater flow direction.

The varying groundwater flow velocities can be attributed to the variant hydraulic conductivity. The
hydraulic conductivity measured at one monitoring well was 0.9 feet/day versus 3.9 feet/day at
another. Variations in hydraulic conductivity may be expected in a heterogeneous aquifer, like the
surficial aquifer at Site 63.

Potable Water Supply Wells

Two documents were reviewed to determine if water supply wells exist within a one-mile radius of
Site 63. These reports included the Wellhead Management Program Engineering Study and the
Preliminary Draft Welthead Monitoring Study. Site 63 is located in a fairly remote area, away from
the development associated with the MCAS, New River. No base water supply wells were found
to be within a one-mile radius of Site 63.

REMEDIAL INVESTIGATION ACTIVITIES

The field investigation program at Site 63 was initiated to detect and characterize potential impacts
to human health and the environment resulting from past waste management activities. This section
discusses the site-specific RI field investigation activities that were conducted to fulfill that
objective. The RI field investigation of OU No. 13 commenced on November 2, 1995 and continued
through November 16, 1995. The RI field program at Site 63 consisted of a site survey; a soil
investigation, which involved direct-push sample collection; a groundwater investigation, which
included temporary monitoring well installation, sampling, and aquifer testing; a surface water and
sediment investigation; and a habitat evaluation. The following provides an overview of the various
investigation activities carried out during the RI:

° Surface Soil Samples Collected 46
° Subsurface Soil Samples Collected 50
] Temporary Wells Installed and Sampled 8
] Existing Shallow Wells Sampled 3
° Surface Water Samples Collected 5
] Sediment Samples Collected 5
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The various investigations were performed at Site 63 to assess the nature and extent of
contamination that may have resulted from previous waste management practices or site activities;
assess the human health, ecological, and environmental risks associated with exposure to surface and
subsurface soils; and characterize the geologic and hydrogeologic setting of the study area.
Environmental samples (excluding general chemistry and engineering properties) were analyzed by
Contract Laboratory Program methods using Level IV Data Quality Objectives; the resultant data
were submitted for third party data validation.

EXTENT OF CONTAMINATION

The following provides a brief summary of the extent of contamination at Site 63. This summary
focuses on the primary site concerns and is not intended to address all analytical results. Detailed
findings and an evaluation are presented in Section 4.0 of this report. A summary of site
contamination, by media, is provided in Table ES-1.

Soils

Styrene was detected in only one of the subsurface soil samples obtained at Site 63. Styrene was
detected at a concentration of 41 ug/kg in a subsurface sample from location 63-SB15. No other
volatile organic compounds (VOCs) were detected among the 96 soil samples retained for laboratory
analyses. Given the limited extent of styrene and the lack corroborating evidence of volatile
contamination, the presence of styrene is most likely the result of a single event rather than
long-term disposal operations. Additionally, the single styrene detection did not exceed the
applicable soil screening value of 2,000 pg/kg.

The presence of semivolatile organic compounds (SVOCs) in soil is most likely related to former
operational activities at Site 63. The low concentration and infrequent detection of SVOCs among
soil samples is consistent with the historical use of Site 63; most likely the result of incidental
maneuvers and training exercises. Semivolatile compounds were identified in both surface and
subsurface soil samples obtained from the suspected disposal portion of the study area.
Concentrations of SVOCs were limited to two surface and three subsurface sampling locations
throughout the entire site. The positive SVOC results correspond directly to the visual identification
of graded soil or construction debris observed during the field investigation. None of the positive -
SVOC detections exceeded applicable soil screening values for the protection of groundwater, nor
do they suggest long-term disposal operations. The presence of SVOCs in soil does suggest that
vehicles or mechanized equipment may have been used at the site.

Positive detections of pesticides were observed in both surface and subsurface soil samples at
Site 63. Pesticide concentrations were low (i.e., less than 0.1 mg/kg) and primarily limited to within
and adjacent to the suspected disposal portion of the study area. The majority of pesticide detections
were observed in surface soil samples. The frequency and overall concentration of pesticides in soil,
nonetheless, does not suggest pesticide disposal activities. Much of the study area appears to have
been graded during previous site operations; the reworked surface soil may have contained residual
pesticides. The presence of pesticide compounds among soil samples obtained at Site 63 is most
likely the result of routine base-wide application and use of pesticides.

As provided in Table ES-1, a number of samples submitted for analyses had target analyte list (TAL)
metal concentrations which exceeded applicable soil screening values or base-specific background
levels. Arsenic, barium, and nickel were detected at concentrations which exceeded soil screening
values protective of groundwater among one, five, and seven of the 96 soil samples submitted for
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TABLE ES-1

SUMMARY OF SITE CONTAMINATION
SITE 63, VERONA LOOP DUMP
REMEDIAL INVESTIGATION, CTO-0340
MCB, CAMP LEJEUNE, NORTH CAROLINA

—

Fraction Detected Comparison Criteria Location of | Detection Detections Above Distribution of
Media (units) Contaminants or Screening Base Min. | Max. | Maximum | Frequency | Screening Base Positive Detections
Analytes Standard | Background Detection Standard BﬁkgLround
Surface Volatile (ug/kg) ND Soil SL NA 0/46
Soil Semivolatile (ng/kg) {Nitrosodiphenylamine 200 NA 517 51J SB12 1/45 0/45 NA adjacent to 63-GW01

Di-n-butylphthalate 120,000 NA 787 787J 63-TW06 1/45 0/45 NA southeast
BEHP 11,000 NA 417 | 4,400 SB12 7/45 0/45 NA 1 exceeds blank conc.

Pesticide (ng/kg) Dieldrin 1.0 NA 37 4117 SB32 3/46 3/46 NA central, scattered
4-4-DDE 500 NA 2717 557 SB35 7/45 0/45 NA central, scattered
4-4-DDD 700 NA 12 2617 SB35 2/45 0/45 NA central and eastern
Endosulfan Sulfate NA NA 197 | 28] 3SB18 4/45 NA NA central and northemn
4-4.DDT 1,000 NA 2] 507 SB29 11/45 0/45 NA central, scattered
alpha-Chlordane NA NA 3.5 16 SB35 2/45 NA NA central and eastern
gamma-Chlordane NA NA 271 9 SB35 2/45 NA NA central and eastern

PCB (ng/kg) Aroclor-1260 NA NA 287 97 SB30 2/45 NA NA central

Metal (1) (mg/kg) |Arsenic 15 - 1.3 0.32 3.7 SB21 36/46 0/46 5/46 scattered
Barium 32 17.3 3.0 53.1 SB35 46/46 3/46 8/46 scattered
Beryllium 180 0.2 01J ] 027 SB32 5/46 0/46 1/46 central
Cadmium 6 0.7 1.0 3.1 SB21 2/46 0/46 2/46 central and eastern
Chromium NA 6.6 1.1 11.1 SB21 44/46 NA 6/46 scattered
Copper NA 7.1 0.47 74.8 SB2S 29/46 NA 10/46  |scattered
Iron NA 3,702 590 | 22,400 SB21 46/46 NA 9/46 scattered
Lead NA 23.4 2.6 107 SB29 46/46 NA 5/46 scattered
Manganese NA 18.5 347 | 34817 SB03 46/46 - NA 13/46  |scattered
Mercury 3 0.09 0.06 | 0217 SB23 4/46 0/46 1/46 central
Nickel 21 3.5 062 9.8 $SB21 33/46 0/46 2/46 central
Silver NA 0.9 0.72 0.97 SB29 2/46 NA ° 1/46 central
Zinc 42,000 13.8 0.98 | 1,860 SB21 36/46 0/46 7/46 scattered




6-Sd

TABLE ES-1 (Continued)

3

SUMMARY OF SITE CONTAMINATION
SITE 63, VERONA LOOP DUMP
REMEDIAL INVESTIGATION, CT0-0340
MCB, CAMP LEJEUNE, NORTH CAROLINA

Comparison Criteria

Detections Above

Fraction Detected Location of | Detection Distribution of
Media (units) Contaminants or Screening Base Min. | Max. | Maximum | Frequency | Screening Base Positive Detections
Analytes Standard | Background Detection Standard | Background
Subsurface | Volatile (pg/kg) Styrene 2,000 NA 41 4] SB15 1/50 0/50 NA northwest
Soil Semivolatile (ng/kg) {Nitrosodiphenylamine 200 NA 94J 3507 SB19 2/49 1/49 NA northern
BEHP 11,000 NA 417 | 4,700 SB19 12/49 0/49 NA 3 exceed blank conc.
Pesticide (ug/kg) Dieldrin 1.0 NA 2117 5017 SB32 2/50 2/50 NA northern and western
4,4-DDE 500 NA 26) | 287 SB22 2/50 0/50 NA central
4,4-DDD " 700 NA 5.6 5.6 SB22 1/50 0/50 NA central
4,4-DDT 1,000 NA 7.8 7.8 SB20 1/50 0/50 NA northern
PCB (ug/kg) ND Soil SL NA 0/50
Metal (1) (mg/kg) |Aluminum NA 7,413 312 | 16,000 SBO7 50/50 NA 32/50 scattered
Antimony NA 6.5 257 116217 3SB23 7/42 NA 1/42 central
Arsenic 15 2 0.4 16 SB14 47/50 1/50 28/50 scattered
Barium 32 14.4 2.5 1,120 SB23 50/50 2/50 8/50 scattered
Beryllium 180 0.2 0.08 0.29 63-TWO08 18/50 0/50 6/50 scattered
. |Chromium NA 12.5 1.2 84,4 SB23 50/50 NA 27/50  |scattered
Copper NA 24 0.55 160 SB23 38/50 NA 27/50  |scattered
Iron NA 7,135 4257 149,000 SB23 50/50 NA 20/50  |scattered
[Lead NA 8.3 2] 1,650 SB23 50/50 NA 11/50  |scattered
Manganese NA 8.0 1.5 586 SB23 50/50 NA 18/50  |scattered
Nickel 21 3.7 1.0 76.1 SB26 44/50 7/50 19/50 scattered
Silver NA 0.9 1.8 5.3 SB23 2/50 NA 2/50 central
Zine 42,000 6.7 1.3 1,130 SB23 38/50 0/50 16/50  |scattered
Groundwater [Volatile (pg/I.) ND NCWQS/ MCL NA 0/11
Semivolatile (ug/L) |ND NCWQS/ MCL NA 0/11
Pesticide (ug/L) ND NCWQS/ MCL NA 0/10
PCB (ug/L) ND NCWQS/ MCL NA 0/10
Total Metal (pug/L) . |Iron 300 NA 73.5 | 24,300 | 63-TWO05 8/11 4/11 NA central
Manganese 50 NA 1.8 311 63-GW02 | - 1l/11 4/11 NA central
Zinc 2,100 NA 49 | 17,100 | 63-TWO7 6/11 1/11 NA eastern
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SUMMARY OF SITE CONTAMINATION

SITE 63, VERONA LOOP DUMP

REMEDIAL INVESTIGATION, CTO-0340
MCB, CAMP LEJEUNE, NORTH CAROLINA

Comparison Criteria

Detections Above

Fraction Detected Location of | Detection Distribution of
Media (units) Contaminants or Screening Base Min. | Max. | Maximum | Frequency | Screening Base Positive Detections
Analytes Standard | Background Detection Standard | Background
Surface Volatile (ug/l) ND NCWQS NA 0/5
Water Semivolatile (ug/L.) |ND NCWQS NA 0/5
Pesticide (ug/L) ND NCWQS NA 0/5
PCB {ug/L) ND NCWQS NA 0/5
Metal (2) (ug/L) Aluminum 87 1,350 602 688 63-SW05 5/5 515 0/5 maximum downstream
Sediment Volatile (ug/kg) ND NOAA ER-L NA 0/5
Semivolatile (ng/kg) {ND NOAA ER-L NA 0/5
Pesticide (ug/kg) 4,4-DDE 2 NA 423 | 421 63-SD04 1/5 1/5 NA adjacent to site
4,4-DDD 2 NA 2617 117 63-SD04 2/5 2/5 NA adjacent to site
4,4-DDT - 1 NA 163 | 1.6J 63-SD04 1/5 1/5 NA adjacent to site -
alpha-Chlordane 0.5 NA 471 | 471 63-SD04 1/5 1/5 NA adjacent to site
gamma-Chlordane 0.5 NA 62J | 621J 63-SD04 1/5 1/5 NA adjacent to site
PCB (ug/kg) ND NOAA ER-L NA 0/5
Metal (2) (mg/kg) |ND above screening val | NOAA ER-L | Background 0/5 0/5
Notes: - Concentrations are presented in pg/L for liquid and pg/kg for solids (parts per billion), metal concentrations for soils and sediments are presented in mg/kg (parts per million).

(1) Metals in both surface and subsurface soils were compared to twice the average base background positive concentrations for aluminum, barium, iron, manganese and ptiority
pollutant metals only (priority pollutant metals include antimony, arsenic, beryllium, cadmium, chromium, copper, lead, mercury, nickel, selenium, silver, thallium, zinc).

(2) Total metals in surface water and sediment were compared to the range of positive detections in upgradient samples at MCB, Camp Lejeune.

BEHP - bis(2-Ethylhexyl)phthalate

NA - Not applicable
ND - Not detected

MCL - Federal Maximum Contaminant Level. Maximum permissible level of a contaminant in water which is delivered to any user of a public water system.
U.S. Environmental Protection Agency - Drinking Water Regulations and Health Advisories.
NCWQS - North Carolina Water Quality Standards. Separate Values Applicable to Groundwater (North Carolina Administrative Code, Title 15A, Subchapter 2L) and
Surface Water (North Carolina Administrative Code, Title 15A, Subchapter 2B).
NOAA ER-L - USEPA Region IV Sediment Effects-Range Low Screening Values, established by the National Oceanic and Atmospheric Administration.
Soil SL - USEPA Region Il Soil Screening Levels for Protection of Groundwater, established by the Office of Solid Waste Emergency Response: R.L. Smith (October 4, 1995).




analyses; however, the same three inorganic analytes were not detected above North Carolina Water
Quality Standard NCWQS) levels among any of the groundwater samples obtained at Site 63.

The distribution of detected inorganic analytes among both surface and subsurface samples followed
no discernible pattern. In at least one case, however, findings from the analytical program were
consistent with visual observations of buried metal debris and non-native surface material recorded
during the field investigation. A total of 13 inorganics were detected above twice their average
base-specific background levels; 9 of the 13 analytes were detected at maximum concentrations in
a subsurface sample obtained from location 63-SB23. Boring 63-SB23 is located within the central
portion of the suspected disposal area and identified as having both surface and subsurface debris.
With the exception of boring 63-SB23, inorganic analytes were observed at varying concentrations
scattered throughout the study area.

roun

Volatile, semivolatile, pesticide, and polychlorinated biphenyl (PCB) organic compounds were not
detected in any of the groundwater samples submitted for analyses from Site 63. As a result of those
analyses, the extent of organic compounds in groundwater are not addressed.

Inorganic analytes were detected in each of the 11 groundwater samples submitted for analyses from
Site 63. Iron, manganese, and zinc were the only TAL total metals detected at levels in excess of
either federal maximum contaminant level (MCL) or North Carolina WQS. Positive detections that
exceeded applicable screening standards for both iron and manganese were distributed throughout
the suspected disposal portion of the study area. The sample obtained from temporary
well 63-TWO07 exhibited the only positive detection of zinc that exceeded the 2,100 pg/L screening
standard, zinc was detected at a concentration of 17,100 pg/L. Subsurface soil samples collected
from both the eastern and western portions of the study area had positive detections of zinc which
exceeded background levels. Although the distribution of zinc among soil samples is not limited
to the suspected disposal portion of the study area, temporary well 63-TW07 is located within one
of the areas identified as having elevated concentrations of zinc in soil. The presence of zinc in soil
does not completely account for its elevated concentration in groundwater, however. One would
expect that if zinc disposal operations had taken place at Site 63 elevated concentrations of zinc
would also be evident in the adjacent monitoring well 63-GW02 and at much higher concentrations
among soil samples obtained from the suspected disposal area. Temporary monitoring well
63-TW07 is hydraulically downgradient from the suspected disposal portion of the study area and
permanent well 63-GW02. The limited dispersion of zinc in sampling media suggests that its
presence is not indicative of former or ongoing disposal activities. Furthermore, zinc has not been
detected at significant concentrations in the adjacent stream; a downgradient groundwater receptor.

Groundwater within the coastal plain region of North Carolina is naturally rich in iron and
manganese. Groundwater concentrations of both iron and manganese at MCB, Camp Lejeune often
exceed the state standards of 300 and 50 pg/L. Elevated levels of iron and manganese, at
concentrations above the NCWQS, were reported in samples collected from a number of base
potable water supply wells which were installed at depths greater than 162 feet below ground
surface. Certain total metal concentrations in groundwater are due more to geologic conditions
(i.e., naturally occurring concentrations and unconsolidated soils) and sample acquisition methods
than to mobile metal concentrations in the surficial aquifer.
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Iron and manganese concentrations from a number of wells at Site 63 exceeded the NCWQS but fell
within the range of concentrations for samples collected elsewhere at MCB, Camp Lejeune.
Additionally, positive detections of both iron and manganese among groundwater samples retained
from the upper-most portion of the surficial aquifer had no discernible pattern of distribution. The
presence and concentrations of both iron and manganese in groundwater samples obtained at Site 63
appear to be indicative of natural site conditions rather than disposal activities.

Surface Water

No organic compounds were detected among any of the five surface water samples submitted for
analyses from Site 63. As a result of those analyses, the extent of organic compounds in surface
water are not addressed.

Aluminum was the only TAL total metal identified among each of the five surface water samples
obtained from the unnamed tributary that exceeded state or federal screening values. Each sampling
station had a positive detection of aluminum above the 87 pg/L chronic screening value. Positive
aluminum detections among the five surface water samples obtained from the unnamed tributary
ranged from 602 to 688 pg/L. The headwaters of the unnamed tributary are less than one hundred
yards upgradient of Site 63, amongst pine and hardwood trees. The combination of acidic soil and
acidification due to decaying leaves and pine needles most probably has contributed to the slightly
acidic nature of surface water at Site 63. Field chemistry results suggest that the pH of the unnamed
tributary is less than 4.0. Several hundred or even several thousand milligrams per liter of aluminum
is not unusual for natural waters having a pH below 4.0. The slight acidity of surface water at
Site 63, coupled with the natural occurrence of aluminum in site soil and sediment has effectively
contributed to the observed levels of aluminum among each of the surface water samples.

Sediment

None of the TAL metal sampling results from Site 63 exceeded chronic sediment screening values;
therefore, the extent of inorganic analytes in sediment are not addressed. A summary of site
contamination is presented in Table ES-1. Volatile, semivolatile, and PCB compounds were not
detected among any of the five sediment samples submitted for analyses from Site 63. As a result
of those analyses the extent of volatile, semivolatile, and PCB compounds in sediment are not
addressed.

The pesticides 4,4-DDE, 4,4-DDD, 4,4'-DDT, alpha-chlordane, and gamma-chlordane were
detected in one of the five sediment samples retained for analysis from Site 63. The only other
pesticide detection was that of 4,4'-DDD in a sample obtained from a separate station. Each of the
pesticides were detected at concentrations less than 15 pg/kg. The maximum pesticide concentration
among the five sediment samples obtained for laboratory analysis was 11 J pg/kg of 4,4'-DDD.
Each of the pesticide detections exceeded applicable chronic sediment screening values. The
observed concentrations of the detected pesticides were typical of levels observed in sediments
throughout MCB, Camp Lejeune. Positive detections of these compounds at Site 63 are most likely
the result of former base-wide application and use of pesticides. The frequency and overall
concentration of pesticides at Site 63 is not indicative of pesticide disposal activities.

ES-12



HUMAN HEALTH RISK ASSESSMENT

The following highlights the media of interest from the human health standpoint at Site 63 by
identifying areas with risk values greater than acceptable levels. Current and future potential
receptors at the site included current military personnel, current trespassers (i.c., adolescents and
adults), future residents (i.e., children and adults), and future construction workers. The total risk
from the site for these receptors was estimated by logically summing the multiple pathways likely
to affect the receptor during a given activity. Exposure to surface soil, surface water, and sediment
was assessed for the current trespassers and military receptors. Surface soil, groundwater, surface
water, and sediment exposure were evaluated for the future receptors.

Current Scenario

In the current case, the following receptors were assessed: military personnel and trespassers.
Receptor exposure to surface soil, surface water, and sediment was assessed for current trespassers.
Surface soil, subsurface soil, surface water, and sediment exposure were assessed for military
personnel. The potential risks associated with the current receptors were within acceptable risk
levels. '

Future Scenario

In the future case, child and adult residents were assessed for potential exposure to groundwater,
surface soil, surface water, and sediment. A construction worker was evaluated for subsurface soil
exposure. There were no unacceptable risks associated with the construction worker. However,
there were potential noncarcinogenic risks calculated for the child resident from groundwater (10.0)
and subsurface soil (1.2) exposure. Similarly, there was a noncarcinogenic risk (4.5) calculated for
the adult resident from groundwater exposure. These risk values exceeded the hazard index of 1 for
noncarcinogenic effects. The maximum level of iron and zinc in groundwater were the primary
contributors to these noncarcinogenic risks.

As stated previously, groundwater is not currently used potably at the site, and future residential
development of the site is unlikely. Based on this information, the future groundwater exposure
-scenario evaluated in this risk assessment, although highly protective of human health, is unlikely
to occur.

It should be noted that iron is an essential nutrient. The toxicity values associated with exposure to
this metal are based on provisional studies, which have not been verified by the U.S. Environmental
Protection Agency (USEPA). In fact, if iron were removed from the evaluation of risk from
groundwater ingestion, the noncarcinogenic risk for the child would decrease from 10.0 to 4.8 and,
for the adult, from 4.5 to 2.3. As a result, the potential human health risk from exposure to iron in
groundwater is conservative.

The other analyte contributing to the unacceptable hazard index (HI) value in groundwater for the
future residential child and adult is zinc. Zinc had a HQ of 3.6 for the future child resident and 1.6
for the future adult resident. While zinc was detected at a frequency of six out of eleven samples,
only one detection exceeded the comparison criteria. This exceedence of 17,100 pg/L was detected
at sample location 63-TW07. This concentration of zinc is one order of magnitude greater than
those detected in Site 63 soils. In addition, zinc was not detected in surface water. Consequently,
the potential human health risk from exposure to zinc in groundwater is a conservative estimate.
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ECOLOGICAL RISK ASSESSMENT

The following subsections provide an overview of potential risks to the ecological environment
identified at Site 63 during this assessment. Potential risks to the aquatic environment at Site 63 are
demonstrated by the cumulative QI ratios greater than 1 calculated for both surface water and
sediment. In addition, potential risks to the terrestrial environment are demonstrated by exceedances
of soil toxicity values and risk exhibited in terrestrial chronic daily intake (CDI) models. However,
the significance of the potential risks is considered to be low based on this ecological risk
assessment.

Aquatic Ecosystem

Surface water concentrations of aluminum, barium, and lead may be adversely impacting the aquatic
environment in the freshwater stream at Site 63. Cumulative quotient index (QI) ratios were
calculated for the surface water at 1.31 for acute and 16.28 for chronic. These inorganic
contaminants of potential concern (COPCs) were detected at relatively the same concentrations at
each sampling location. However, due to the conservative barium criteria and lead in the blank
sample, aluminum appears to be the only COPC potentially impacting the aquatic environment. It
is noted that aluminum and barium were detected at higher concentrations during the 1991 Site
Inspection. In addition, aluminum dissolves readily into surface water under acidic conditions and
the pH concentrations detected at Site 63 surface water stations were below four. Therefore, the low
pH levels are elevating the concentrations of aluminum detected in the surface water.

The potential risk to the aquatic community posed by the sediment is demonstrated by cumulative
QI value of 11.33 for the effects range-low (ER-L). It is noted that risk is not demonstrated by the
cumulative QI values calculated for the effects range-median (ER-M) (0.98) and sediment quality
criteria (SQC) (0.66) values. The risk to the aquatic environment from the sediment is due to
concentrations of chlordane, 4,4'-DDD, and 4,4'-DDE. However, these pesticides are not site-related
contaminants, but rather a result of former base-wide pesticide control programs.

It should be noted that the intermittent, shallow nature of the stream may also introduce stress to the
aquatic environment. The shallowness of the stream subjects the surface water to low dissolved
oxygen concentrations and high temperatures both of which may adversely impact many aquatic
organisms.

Terrestrial Ecosystem

Overall, minimal potential impacts to soil flora and fauna may occur as a result of concentrations
of aluminum, chromium, copper, iron, lead, manganese, mercury, and zinc detected in the surface
soil at Site 63. It should be noted that there is much uncertainty in the use of the flora and fauna
surface soil screening values (SSSVs). In addition, the inorganics with the most exceedances of the
SSSVs (aluminum, chromium, and iron) also exceed SSSVs for the background concentrations,
indicating that regional conditions contribute to the potential risk to the terrestrial flora and fauna.
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The terrestrial intake models only demonstrated a significant risk greater than one for the raccoon
model. This risk was driven by concentrations of aluminum in the surface water via
bioconcentration in fish tissue. It is noted that background surface water concentrations of
aluminum also may generate a risk in the raccoon model. Therefore, regional conditions are
contributing to the terrestrial risk to the vertebrate population at Site 63.

Conclusions

Based upon the information and findings supplied within this RI report, the following conclusions
are presented.

Carcinogenic Risks

There are no unacceptable site-related carcinogenic risks associated with exposure to environmental
media at Site 63. Multiple exposure pathways were evaluated for current and future potential human
receptors; resultant estimates indicate that carcinogenic site risks are within the acceptable risk range
as defined by USEPA.

Noncarcinogenic Risks

An assessment of potential noncarcinogenic risks posed by exposure to environmental media at
Site 63 was also completed for possible current and future human receptors. This conservative
evaluation of site risk suggests that future residents, given a number of exposure assumptions, could
experience some adverse health effects. The evaluation was based upon the potential exposure of
future child and future adult residents. Over 90 percent of noncarcinogenic risk generated by the
future residential scenario is the result of presumed shallow groundwater ingestion. Ingestion of iron
and zinc at the maximum concentrations detected among all groundwater samples obtained from
Site 63 were used in the estimation of risk. Additionally, ingestion of iron at the maximum
concentrations detected among soil samples constituted the remaining noncarcinogenic risk to future
child residents. It is important to note that this risk assessment is highly protective of human health
and that future residential development of the site is unlikely.

Surficial Aquifer as Drinking Water Source

The majority of site-related noncarcinogenic risk to future residents was generated by possible
ingestion of metals in groundwater. Hydraulic conductivity results from Site 63 suggest that potable
wells supplying groundwater for human consumption from the uppermost portion of the surficial
aquifer would not be practical. Groundwater flow rates would not be sufficient to support a potable
source of drinking water. In addition, suspended material resulting from loose surficial soils would
further inhibit groundwater flow capacities through siltation. Given these circumstances, it is
unlikely that the surficial aquifer could be used as a drinking water source. If a potable well were
required in the future at Site 63 it would most likely supply groundwater from the deeper, Castle
Hayne aquifer.

Ecological Risks

An ecological risk assessment of potential site-related impacts to both aquatic and terrestrial
ecosystems was performed. Based upon this assessment, the significance of potential risks to
ecological receptors at Site 63 are considered negligible. Environmental media were assessed to
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determine the theoretical risks posed to various on-site ecological communities. Results of the
ecological risk assessment indicate that the aquatic environment may potentially be impacted by
pesticides detected in the sediment and that risks posed to the terrestrial environment are a result of
naturally occurring metals detected in the surface water and surface soil. Similar aquatic and
terrestrial risks have been demonstrated by reference samples collected throughout MCB,
Camp Lejeune from areas not known or suspected of having been impacted by facility operations

Positive Detections in Excess of Screening Criteria

A number of organic compounds and inorganic analytes were detected among environmental
samples obtained from Site 63 at concentrations which exceeded screening criteria promulgated by
either state or federal agencies. Dieldrin, n-nitrosodiphenylamine, arsenic, barium, and nickel were
detected at concentrations exceeding USEPA Region III Soil Screening Levels for Protection of
Groundwater among at least 7 of the 96 soil samples. Iron, manganese, and zinc were the only TAL
metals detected in groundwater at concentrations in excess of state or federal screening standards.
Iron and manganese detections exceeded applicable state standards among 4 of the 11 shallow
groundwater samples, but fell within the range of concentrations for samples collected elsewhere
at MCB, Camp Lejeune. Only one positive detection of zinc exceeded the state groundwater
standard. Aluminum was the only TAL total metal identified among each of the five surface water
samples obtained from the unnamed tributary that exceeded state or federal screening values. The
pesticides 4,4'-DDE, 4,4'-DDD, 4,4'-DDT, alpha-chlordane, and gamma-chlordane were detected
in one of the five sediment samples retained for analysis from Site 63. The only other pesticide
detection was that of 4,4'-DDD in a sample obtained from an upstream station. Each of the pesticide
detections exceeded applicable chronic sediment screening values.

Prevalence of Inorganic Analytes in Site Media

Inorganic analytes were detected in each soil, groundwater, surface water, and sediment sample
obtained during the investigation at Site 63. Analytes such as aluminum, arsenic, iron, lead,
manganese, and zinc were principal contributors to both human health and ecological site risks.
These and other metals naturally occur, often abundantly, in site media. No discernible pattern of
analyte distribution was evident among the various media sampled. Former site operations do not
appear to have contributed to the presence or frequency of these analytes.

ecom ion
Based upon the conclusions, the following recommendation is presented.
No Further Action

A Proposed Remedial Action Plan that details a “No Further Action Alternative” should be prepared
for Site 63. Project tasks associated with the screening and evaluation of remedial technologies and
the subsequent preparation of a Feasibility Study report, given acceptance of the recommended
alternative, will not be required. In addition, the three permanent monitoring wells that were
installed at Site 63 during the 1991 Site Inspection should be abandoned (i.e., removed). Prior to
project completion and following approval of the Record of Decision, abandonment of monitoring
wells 63-GW01, 63-GW02, and 63-GW03 should proceed according to procedures stipulated by
North Carolina's Department of Environmental Health and Natural Resources.
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1.0 INTRODUCTION

Marine Corps Base (MCB), Camp Lejeune was placed on the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA) National Priorities List (NPL) on October 4,
1989 (54 Federal Register 41015, October 4, 1989). Subsequent to this listing, the United States
Environmental Protection Agency (USEPA) Region IV; the North Carolina Department of
Environment, Health and Natural Resources (NC DEHNR); and the United States Department of the
Navy (DoN) entered into a Federal Facilities Agreement (FFA) for MCB, Camp Lejeune. The
primary purpose of the FFA is to ensure that environmental impacts associated with past and present
activities at MCB, Camp Lejeune are thoroughly investigated and appropriate CERCLA
response/Resource Conservation and Recovery Act (RCRA) corrective action alternatives are
developed and implemented, as necessary, to protect public health, welfare, and the environment
(FFA, 1989).

The Fiscal Year 1997 Site Management Plan for MCB, Camp Lejeune, the primary document
referenced in the FFA, identifies 42 sites that require Remedial Investigation/Feasibility Study
(RI/FS) activities. These 42 sites have been segregated into 18 operable units to simplify RI/FS
activities. An RI was conducted at Operable Unit (OU) No. 13, Site 63, during November of 1995.
This report describes the RI conducted at Site 63, the Verona Loop Dump. Figure 1-1 depicts the
" location of OU No. 13. [Note that all tables and figures are presented in the back of each section.]

The purpose of an Rl is to evaluate the nature and extent of the threat to public health and the
environment caused by the release or threatened release of hazardous substances, pollutants, or
contaminants from a site. This RI investigation was conducted through the sampling of
environmental media (soil, groundwater, surface water, and sediment) at Site 63, evaluating the
resultant analytical data, and performing a human health risk assessment (RA) and ecological RA.
This RI report contains the results of all field investigations, the human health RA, and the
ecological RA. Furthermore, the RI report provides information to support the FS and Record of
Decision (ROD) documents.

This RI Report has been prepared by Baker Environmental, Inc. (Baker) and submitted to the
USEPA Region IV; the NC DEHNR; MCB, Camp Lejeune Environmental Management Department
(EMD); the Navy Environmental Health Center (NEHC); the Agency for Toxic Substances and
Disease Registry; and to the Naval Facilities Engineering Command, Atlantic Division (LANTDIV)
for their review.

The following subsections describe the arrangement of OU No. 13 and the background and setting
of both MCB, Camp Lejeune and Site 63. In addition, Section 1.1 provides an overview of the RI
report’s organization.

1.1 Report Organization

This RI Report is comprised of one text volume with appendices provided in an additional volume.
The following section headings are included within this text volume and provide site-specific
investigation findings:

® Study Area Investigation - Section 2.0
] Site Physical Characteristics - Section 3.0
. Nature and Extent of Contamination - Section 4.0
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Contaminant Fate and Transport - Section 5.0

™
® Basecline Human Health Risk Assessment - Section 6.0
° Ecological Risk Assessment - Section 7.0
° Conclusions - Section 8.0

12 Background and Setting of MCB. Camp Lejeune

This section summarizes existing background and setting information pertaining to MCB, Camp
Lejeune. The text specifically addresses the location and setting of MCB, Camp Lejeune, its history,
topography, geology, hydrogeology, climatology, ecology, land use, and demography.

1.2.1 Location and Setting

MCB, Camp Lejeune is located on the coastal plain of North Carolina in Onslow County. The
facility encompasses approximately 234 square miles and is bisected by the New River. The New
River flows in a southeasterly direction and forms a large estuary before entering the Atlantic Ocean.
The southeastern border of MCB, Camp Lejeune is the Atlantic Ocean shoreline. The western and
northeastern boundaries of the facility are U.S. Route 17 and State Route 24, respectively. The City
of Jacksonville borders MCB, Camp Lejeune to the north (refer to Figure 1-1).

1.2.2 History

Construction of MCB, Camp Lejeune began in April 1941 at the Hadnot Point Industrial Area
(HPIA), where major functions of the base are located today. The facility was designed to be the
"World's Most Complete Amphibious Training Base." The MCB, Camp Lejeune complex consists
of five geographical locations under the jurisdiction of the Base Command. These areas include
Camp Geiger, Montford Point, Courthouse Bay, Mainside, and the Rifle Range Area (refer to
Figure 1-1). ‘

1.2.3 Operable Unit Description

Operable units are formed as an incremental step toward addressing individual site concerns. There
are currently 42 Installation Restoration Program (IRP) sites at MCB, Camp Lejeune, which have
been grouped into 18 operable units. Operable Unit No. 13 is located within the western portion of
the facility, to the south of Marine Corps Air Station (MCAS), New River. Figure 1-2 depicts the
locations of all 18 operable units at MCB, Camp Lejeune.

1.2.4 Topography

The flat topography of MCB, Camp Lejeune is typical of seaward portions of the North Carolina
coastal plain. Elevations on the base vary from sea level to 72 feet above mean sea level (msl);
however, most of MCB, Camp Lejeune is between 20 and 40 feet above msl. Drainage at MCB,
Camp Lejeune is generally toward the New River, except in areas near the coast where flow is into
the Intracoastal Waterway that lies between the mainland and barrier islands. In developed areas
of the facility, natural drainage has been altered by asphalt cover (i.e., roadway and parking areas),
storm sewers, and drainage ditches. Approximately 70 percent of MCB, Camp Lejeune is comprised
of broad, flat interstream areas with poor drainage (WAR, 1983).
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1.2.5 Surface Water Hydrology

The dominant surface water feature at MCB, Camp Lejeune is the New River. It receives drainage
from a majority of the base. The New River is short, with a course of approximately 50 miles on
the central Coastal Plain of North Carolina. Over most of its length, the New River is confined to
a relatively narrow channel in Eocene and Oligocene limestones. South of Jacksonville, the river
widens dramatically as it flows across less resistant sands, clays, and marls. At MCB, Camp
Lejeune, the New River flows in a southerly direction into the Atlantic Ocean through the New River
Inlet. Several small coastal creeks drain the area of MCB, Camp Lejeune not associated with the
New River and its tributaries. These creeks flow into the Intracoastal Waterway, which is connected
to the Atlantic Ocean by Bear Inlet, Brown’s Inlet, and the New River Inlet. The New River, the
Intracoastal Waterway, and the Atlantic Ocean converge at the New River Inlet.

Water quality criteria for surface waters in North Carolina have been published under Title 15 of the
North Carolina Administrative Code. At MCB, Camp Lejeune, the New River falls into two
classifications: SC (estuarine waters not suited for body-contact sports or commercial shellfishing);
and SA (estuarine waters suited for commercial shellfishing). The SC classification applies to only
three areas of the New River; the remainder of the New River at MCB, Camp Lejeune falls into the
SA classification (ESE, 1990).

1.2.6 Geology

MCB, Camp Lejeune is located within the Atlantic Coastal Plain physiographic province. The
sediments of this province consist primarily of sand, silt, and clay. Other sediments may be present,
including shell beds and gravel. Sediments may be of marine or continental origin. These sediments
are encountered in interfingering beds and lenses that gently dip and thicken to the southeast.
Sediments of this type range in age from early Cretaceous to the later Quaternary time and overlie
igneous and metamorphic rocks of pre-Cretaceous age. Table 1-1 presents a generalized
stratigraphic column for the Atlantic Coastal Plain of North Carolina (Harned et al., 1989).

United States Geological Survey (USGS) studies at MCB, Camp Lejeune indicate that the base is
underlain by sand, silt, clay, calcareous clay and partially cemented limestone. The combined
thickness of these sediments beneath the base is approximately 1,500 feet.

1.2.7 Hydrogeology

The aquifers of primary interest are the surficial aquifer and the aquifer immediately below it, the
Castle Hayne Aquifer. Other aquifers that occur beneath the facility include the Beaufort, Peedee,
Black Creek, and upper and lower Cape Fear aquifers. The following summary is a compilation of
information which pertains to aquifer characteristics within the MCB, Camp Lejeune area. A
generalized hydrogeologic cross-section illustrating the relationship between the aquifers in this area
is presented in Figures 1-3 and 1-4.

The surficial aquifer consists of interfingering beds of sand, clay, sandy clay, and silt that contain some
peat and shells. The thickness of the surficial aquifer ranges from 0 to 73 feet and averages nearly 25 feet
over the MCB, Camp Lejeune area. It is generally thickest in the interstream divide areas and presumed
absent where it is eroded by the New River and its tributaries. The beds are thin and discontinuous, and
have limited lateral continuity. The surficial aquifer is not used for water supply at MCB, Camp Lejeune.
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The general lithology of the surficial aquifer and the absence of any thick, continuous clay beds are
indications of relatively high vertical conductivity within the aquifer. The estimated lateral hydraulic
conductivity of the surficial aquifer in the MCB, Camp Lejeune area is 50 feet per day, and is based on
a general composition of fine sand mixed with some silt and clay (Harned et al.,1989). However, data
from a number of aquifer tests conducted by Baker at sites near OU No. 13 indicate much lower hydraulic
conductivity values. These values range from 7.2 x 10 feet per day to 6.4 feet per day. Table 1-2
presents a summary of hydraulic properties compiled during investigations at sites located within the
developed portion of MCAS, New River.

Between the surficial and the Castle Hayne aquifers lies the Castle Hayne confining unit. This unit
consists of clay, silt, and sandy clay beds. In general, the Castle Hayne confining unit may be
characterized as a group of less permeable beds at the top of the Castle Hayne aquifer that have been
partly eroded or incised in places. The Castle Hayne confining unit is discontinuous, and has a thickness
ranging from 0 to 26 feet, averaging about 9 feet. Based upon previous investigatory data, there appears
to be no discernable trend in the thickness of the confining unit, nor is there any information in the USGS
literature regarding any trend to the depth of the confining unit.

Previously recorded data indicate that vertical hydraulic conductivity of the confining unit ranged from
3.0 x 102to 4.1 x 10! feet per day (Cardinell et al., 1993). Data obtained from a pump test conducted
by ESE indicated a vertical hydraulic conductivity for this unit ranging from 1.4 x 10° to 5.1 x 10 feet
per day (ESE, 1988). Based on the moderate conductivity values and the thin, discontinuous nature of
the confining unit, this unit may only be partly effective in retarding the downward vertical movement
of groundwater from the surficial aquifer.

The Castle Hayne aquifer lies below the surficial aquifer and consists primarily of unconsolidated sand,
shell fragments, and fossiliferous limestone. Clay, silt, silty and sandy clay, and indurated limestone also
are present within the aquifer. The upper layer of the aquifer consists primarily of calcareous sand with
some continuous and discontinuous thin clay and silt beds. The calcareous sand becomes more limey
with depth. The lower part of the aquifer consists of consolidated or poorly consolidated limestone and
sandy limestone interbedded with clay and sand.

The Castle Hayne aquifer is about 150 to 350 feet thick, increasing in thickness toward the ocean. The
top of the aquifer lies approximately 20 to 73 feet below the ground surface. The top of the aquifer dips
southward and is deepest near the Atlantic coast, east of the New River. The top of the aquifer also forms
a basin in the vicinity of Paradise Point. Estimates of hydraulic conductivity indicate a wide variation in
range, from 14 to 91 feet per day. Table 1-3 presents estimates of the Castle Hayne aquifer and confining
unit hydraulic properties in the vicinity of MCB, Camp Lejeune.

Onslow County and MCB, Camp Lejeune are located in an area where the Castle Hayne aquifer generally
contains freshwater; however, the proximity of saltwater in deeper layers just below the aquifer and in
the New River estuary is of concern in managing water withdrawals. Over-pumping of the deeper parts
of the aquifer could cause encroachment of saltwater. The aquifer generally contains water having less
than 250 milligrams per liter (mg/L) chloride throughout the base, except for one USGS well in the
southern portion of the base that is screened in the lower portion of the aquifer. Chloride was measured
at 960 mg/L in a sample collected in 1989 from this well. ’

Rainfall over the MCB, Camp Lejeune area enters the ground in recharge areas, infiltrates the soil, and °
moves downward until it reaches the surficial aquifer. Recharge areas at Camp Lejeune are mainly
comprised of interstream areas. In the surficial aquifer, groundwater flows in the direction of decreasing
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hydraulic head until it reaches discharge points or fronts. These discharge areas include the New River
and its tributaries and the ocean. Though most of the rainfall entering the surficial aquifer discharges to
local streams, a relatively small amount infiltrates to the Castle Hayne. The surficial aquifer supplies the
primary recharge to the Castle Hayne aquifer. Like the surficial aquifer, the Castle Hayne naturally
discharges to the New River and major tributaries; however, pumping of the Castle Hayne may locally
influence flow directions.

The potentiometric surface of the surficial aquifer varies seasonally. The surficial aquifer receives more
recharge in the winter than in the summer when much of the water evaporates or is transpired by plants
before it can reach the water table. As a result, the potentiometric surface is generally highest in the
winter months and lowest in the summer or early fall.

Water levels from wells placed in deeper aquifers, such as the Castle Hayne, were also used to establish
potentiometric surfaces. The Castle Hayne is at least partially confined from the surficial aquifer and is
not influenced by rainfall as strongly as the surficial aquifer; therefore, seasonal variations tend to be
slower and smaller than in the surficial aquifer.

1.2.8 Ecology

The ecology at MCB Camp Lejeune is discussed in three sections that include ecological communities,
sensitive environments, and threatened and endangered species.

1.2.8.1 Ecological Communities

MCB, Camp Lejeune is located on North Carolina's coastal plain. A number of natural ecological
communities are present within this region. In addition, variations of natural communities have
occurred in response to disturbance and intervention (e.g., forest clearing, urbanization). The natural
communities found in the area are summarized as follows:

° Loblolly Pine Forest - One of the dominant forest types at MCB, Camp Lejeune. Pine
forest often has a dense hardwood subcanopy and shrub understory as a result of
clear-cutting and/or fire suppression. Dense shading results in a sparse ground layer
of vegetation with little probability of rare species occurring (LeBlond et. al., 1994).

° Hardwood Forest - Found primarily in stream floodplains and on slopes and terraces
adjacent to stream valleys and estuarine features. Stream floodplain communities
include cypress-gum swamp and coastal plain small stream swamp. Very few rare
species are found in hardwood forests, but the communities themselves can be quite
rare (LeBlond et al., 1994).

° Loblolly Pine/Hardwoods Community - The predominant forest type at MCB, Camp
Lejeune. Second growth forest that includes loblolly pine with a mix of hardwoods -
oak, hickory, sweetgum, sour gum, red maple, and holly (oak is the predominant
hardwood). These forests have a low probability for rare species because of the lack
of herbaceous development and overall plant diversity (LeBlond et al., 1994).

° Longleaf Pine Forest and Longleaf Pine/Hardwood Forests - Contain critical, fire-
maintained natural communities: Pine Savanna, Wet Pine Flatwoods, Mesic Pine
Flatwoods, Pine/Scrub QOak Sandhill, and Xeric Sandhill Scrub. Some longleaf pine
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forests have developed in old fields and cut-over areas. The Federal endangered
red-cockaded woodpecker (Picoides borealis) is essentially restricted to opened,
burned longleaf pine forests. The pine savannas and wet pine flatwood communities
are particularly important habitats for several rare species (LeBlond et al., 1994).

Maritime Forest - Develop on the lee side of stable sands and dunes protected from
the ocean. Live oak is an indicator species with pine, cedar, yaupon, holly, and laurel
oak. Deciduous hardwoods may be present where forest is mature (USMC, 1987).

Pond Pine Forest - These forests are primarily found in pocosins and are classified by
Schafale and Weakley (1990) as the Pond Pine Woodland natural community. Red
bay, sweet bay, and loblolly bay are important components of this community. These
forests frequently produce areas of high plant diversity and support several rare
species. The federal endangered loosestrife (Lyysimachia asperulifolia) is found in this '
community (LeBlond et al., 1994).

Freshwater Marsh - Occurs upstream from tidal marshes and downstream from non-
tidal freshwater wetlands. Cattails, sedges, and rushes are present. On the coast of
North Carolina, swamps are more common than marshes (USMC, 1987).

Salt Marsh - These areas occur in saline tidal areas protected from tidal action by
barrier beach features. The barrier islands fronting the Atlantic Ocean support
Brackish Marsh, Upper Beach, Dune Grass, and Maritime Wet and Dry Grassland
communities. Regularly flooded, tidally influenced areas dominated by salt-tolerant
grasses. Saltwater cordgrass is a characteristic species. Tidal mud flats may be
present during low tide. These dynamic communities are critical to such federal
endangered species as the piping plover (Charadrius melodus) and the federal
threatened American loggerhead turtle (Caretta caretta) and the green turtle (Chelonia
mydas) LeBlond et al., 1994).

Salt Shrub Thicket - High areas of salt marshes and beach areas behind dunes. These
areas are subjected to salt spray and periodic saltwater flooding and are dominated by
salt resistant shrubs (USMC, 1987).

Dunes/Beaches - Zones between the ocean shore to the maritime forest. Subjected to
sand, salt, wind, and water (USMC, 1987).

Ponds and Lakes - Low depressional areas where water table is exposed at the surface
or where ground is relatively impermeable. In ponds, rooted plants can grow across
the bottom. Fish populations managed in these ponds include redear, bluegill,
largemouth bass, and channel catfish (USMC, 1987).

Open Water - marine and estuarine waters, as well as all underlying bottoms below
the intertidal zone (USMC, 1987).

MCB, Camp Lejeune covers approximately 111,000 acres or 234 square miles. Marine and estuarine
open water account for 26,000 acres and terrestrial and palustrine land account for 85,000 acres.
Forests are the predominant terrestrial cover and pine forest is the dominant habitat type. A total of
21,000 acres of the pine forest are dominated by loblolly pine, 7,700 acres are comprised of longleaf

1-6



pine forest, and 3,600 acres are dominated by pond pine forest. These pine forests include natural
subcommunities that are maintained by fire.

In addition to the pine forest, mixed pine\hardwood forest is present on MCB, Camp Lejeune and
accounts for 15,900 acres. An additional 12,100 acres are covered by hardwood forest. Of the
wetlands present, estuarine marsh accounts for 700 acres; open freshwater accounts for 200 acres; and
dune, beach, and brackish marsh accounts for 2200 acres. Industrial, infrastructure, and administrative
areas make up 10,000 acres and artillery impact areas and buffer zones account for 11,000 acres
(LeBlond, 1994). The base contains 80 miles of tidal streams, 21 miles of marine shoreline, and
12 freshwater ponds. The soil types range from sandy loams to fine sand and muck, with the dominant
series being sandy loam (USMC, 1987).

The base drains primarily to the New River via its tributaries. These tributaries include Northeast
Creek, Southwest Creek, Cogdels Creek, Wallace Creek, Frenchs Creek, Bear Head Creek, Brinson
Creek, Edwards Creek, and Duck Creek. Site-specific information regarding surface water and
drainage features is presented in Section 2.0.

Forested areas within the military reservation are actively managed for timber. Game species are also
managed for hunting and ponds are maintained for fishing. Game species managed include wild
turkey, white-tailed deer, black bear, grey and fox squirrels, bobwhite quail, eastern cottontail and
marsh rabbits, raccoons, and wood ducks. About 150 acres are maintained as wildlife food plots.

1.2.8.2 Sensitive Environments

Two areas on MCB, Camp Lejeune have been registered as designated Natural Areas within the North
Carolina Natural Heritage Program. These two areas, which encompass 141 acres, are the Longleaf
Pine Natural Area and the Wallace Creeck Swamp Natural Area. In addition, 12 other Natural Areas
have been recommended for inclusion in the registry.

These Natural Areas contain some of the finest examples of natural communities in North Carolina and
support many rare species. A few of these community types are globally rare. The Calcareous Coastal
Fringe Forest on the 100-acre midden at Corn Landing is the only known extant example of this
community type. Camp Lejeune contains some of the best examples of the following globally-rare,
natural community types: Cypress Savanna, Depression Meadow, and Small Depression Pond. The
Maritime Evergreen Forest hammocks between Cedar Point and Shell Point are connected by shell
tombolos and appear to be a very rare geological formation.

The NC DEHNR's Division of Environmental Management (DEM) has developed guidance pertaining
to activities that may impact wetlands (NC DEHNR, 1992). In addition, certain activities affecting
wetlands are also regulated by the U.S. Army Corps of Engineers.

The U.S. Fish and Wildlife Service (FWS) has prepared National Wetlands Inventory (NWI) maps for
the MCB, Camp Lejeune area. Through stereoscopic analysis of high altitude aerial photographs,
wetlands were 1dent1ﬁed based upon vegetatlon visible hydrology, and geography in accordance with
A ] : : ] ates (Cowardin, et al., 1979). The
NWI maps are mtended for an initial xdentlﬁcatlon of wetland areas and are not meant to replace an
actual wetland delineation survey that may be required by federal, state and local regulatory agencies.




Site-specific wetland delineations were not conducted at Site 63; however, potential wetland areas were
noted during the field habitat evaluation. Information regarding potential wetland areas was transferred
to the site-specific biohabitat maps provided in Section 2.0. Information regarding sensitive natural
areas was reviewed during map preparation and has been transferred to the maps, if applicable.

1.2.8.3 Threatened and Endangered Species

Certain species have been granted protection by the FWS under the Federal Endangered Species Act
(16 U.S.C. 1531-1563), and by the North Carolina Wildlife Resources Commission, under the North
Carolina Endangered Species Act (G.S. 113-331 to 113-337). The protected species fall into one of
the following status classifications: federal or state endangered, threatened or candidate species; state
special concern; state significantly rare; or state watch list. While only the federal or state threatened
or endangered and state special concern species are protected from certain actions, the other classified
species may have protection in the future.

Surveys have been conducted to identify threatened and endangered species at MCB, Camp Lejeune
and several programs are underway to manage and protect them. Table 1-4 lists federally protected
species present at the base and their protected classification. Of these species, the red-cockaded
woodpecker, American alligator, and sea turtles are protected by specific regulatory programs.

The red-cockaded woodpecker requires a mature, living longleaf or loblolly pine environment. The
birds live in family groups and young are raised cooperatively. At MCB, Camp Lejeune, 2,512 acres
of habitat have been identified and marked for protection. Approximately 3,300 acres are in actively
managed red-cockaded woodpecker colonies. Research on the bird at MCB, Camp Lejeune began in
1985 and information has been collected to determine home ranges, population size and composition,
reproductive success, and habitat use. An annual roost survey is conducted and 36 colonies of birds
have been located.

The American alligator is considered a state special concern specie. It is found in freshwater, estuarine,
and saltwater wetlands in MCB, Camp Lejeune. Base wetlands are maintained and are protected for
alligators; signs have been posted where alligators are known to live. Annual surveys of Wallace,
Southwest, French, Duck, Mill, and Stone Creeks have been conducted since 1977 to identify alligators
and their habitats on base.

Two protected sea turtles, the Atlantic loggerhead and Atlantic green turtle, nest on Onslow Beach at
MCB, Camp Lejeune. The green turtle was found nesting in 1980; this sighting was the first time the
species had been observed nesting north of Georgia. The turtle returned to nest in 1985. Turtle nests
on the beach are surveyed and protected, turtles are tagged, and annual turtle status reports are issued.

Three bird species, piping plover, Bachmans sparrow, and peregrine falcon have also been identified
during surveys at MCB, Camp Lejeune. The piping plover is a shore bird. Piping plovers prefer
beaches with broad open sandy flats above the high tide line and feed along the edge of incoming
waves. Like the piping plover, Bachmans sparrows have very specific habitat requirements. The
sparrows live in open stretches of pines with grasses and scattered shrubs for ground cover. Bachmans
sparrows were observed at numerous locations throughout southem portion MCB, Camp Lejeune.

In addition to the protected species that breed or forage at MCB, Camp Lejeune, several protected
whales migrate through the coastal waters off the base during spring and fall. These include the
Atlantic right whale, finback whale, sei whale, and sperm whale. Before artillery or bombing practice
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is conducted in the area, aerial surveys are made to assure that whales are not present in the impact
areas.

A natural heritage resource study was conducted at MCB, Camp Lejeune (LeBlond, 1994) to identify
threatened or endangered plants and areas of significant natural interest. During the resource study
55 rare plant species were documented at MCB, Camp Lejeune. These include one specie that is
classified as federally endangered, one specie that is classified as federally threatened, nine that are
candidates for federal listing as endangered or threatened, four that are listed as endangered or
threatened in the State of North Carolina, and 27 species that are state rare or state special concern.
These species are summarized on Table 1-4. In addition, species that are candidates for state listing
or are on the North Carolina state watch list were noted.

1.2.9 Land Use Demographics

MCB, Camp Lejeune encompasses an area of approximately 234 square miles. The Installation border
is approximately 70 miles, including 21 miles of ocean front and Intracoastal Waterway. Recently,
MCB, Camp Lejeune acquired approximately 41,000 additional acres in the Greater Sandy Run area.
Table 1-5 provides a breakdown of land uses within the developed portion of the facility.

Land use within MCB, Camp Lejeune is influenced by topography and ground cover, environmental
policy, and base operational requirements. Much of the land within MCB, Camp Lejeune consists of
freshwater swamps that are wooded and largely unsuitable for development. In addition, 3,000 acres
of sensitive estuary and other areas set aside for the protection of threatened and endangered species
are to remain undeveloped. Operational restrictions and regulations, such as explosive quantity safety
distances, impact-weighted noise thresholds, and aircraft landing and clearance zones, may also greatly
constrain and influence development (Master Plan, 1988).

The combined military and civilian population of the MCB, Camp Lejeune and Jacksonville area is
approximately 112,000. Nearly 90 percent of the surrounding population resides within urbanized
areas. The presence of MCB, Camp Lejeune has been the single greatest factor contributing to the
rapid population growth of Jacksonville and adjacent communities, particularly during the period from
1940 to 1960. '

1.2.10 Meteorology

Although coastal North Carolina lacks distinct wet and dry seasons, there is some seasonal variation
in average precipitation. July tends to receive the most precipitation, and rainfall amounts during
summer are generally the greatest. Daily showers during the summer are not uncommon, nor are
periods of one or two weeks without rain. Convective showers and thunderstorms contribute to the
variability of precipitation during the summer months. October tends to receive the least amount of
precipitation, on average. Throughout the winter and spring precipitation occurs primarily in the form
of migratory low pressure storms. MCB, Camp Lejeune's average yearly rainfall is 52.4 inches.
Table 1-6 presents a climatic summary of data collected during 35 years (January 1955 to
December 1990) of observations at MCAS, New River.

Coastal Plain temperatures are moderated by the proximity of the Atlantic Ocean, which effectively
reduces the average daily fluctuation of temperature. Lying 50 miles offshore at its nearest point, the
Gulf Stream tends to have little direct effect on coastal temperatures. The southern reaches of the cold
Labrador Current offset any warming effect the Gulf Stream might otherwise provide.
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MCB, Camp Lejeune experiences hot and humid summers; however, ocean breezes frequently produce
a cooling effect. The winter months tend to be mild, with occasional brief cold spells. Average daily
temperatures range from 34°F to 54°F in January, the coldest month, and 72°F to 89°F in July, the
hottest month. The average relative humidity, between 78 and 89 percent, does not vary greatly from
season to season.

Observations of sky conditions indicate yearly averages of approximately 112 days clear, 105 partly
cloudy, and 148 cloudy. Measurable amounts of rainfall occur 118 days per year, on the average.
Prevailing winds are generally from the south-southwest 10 months of the year and from the
north-northwest during September and October. The average wind speed at MCAS, New River is
seven miles per hour.

1.3 Background and Setting of Site 63

The following section provides both the location and setting of Site 63. A brief summary of past waste
disposal activities at Site 63 is also provided within this section.

1.3.1 Site Location and Setting

The Verona Loop Dump (Site 63) is comprised of approximately five acres and is located nearly two
miles south of the MCAS, New River operations area (see Figure 1-1). As Figure 1-5 depicts, vehicle
access to the site is via Verona Loop Road, east from U.S. Route 17. The study area is located along
Verona Loop Road approximately 1.25 miles from U.S. Route 17. Figure 1-6 presents a site map of
the Verona Loop Dump. The site is bordered to the south by Verona Loop Road, to the east by an
unnamed tributary to Mill Run, and to the west by a gravel access road.

Site 63 is relatively flat; however, the eastern portion slopes toward an intermittent stream along the
boundary of the study area. The unnamed tributary that borders Site 63 to the east discharges into Mill
Run approximately 2,000 feet south of Site 63. Mill Run then discharges into the Southwest Creek
which eventually flows into the New River. A drainage ditch along Verona Loop Road receives
surface water runoff from the extreme southern portion of the site and the asphalt road surface.

Much of the site is heavily vegetated with dense understory and trees greater than three inches in
diameter. During the January 1995 RI scoping site visit an area of potentially impacted vegetation was
tentatively identified by representatives of LANTDIV and Baker . Within this small area, several
standing trees of less than three inches in diameter were observed without bark. During the November
1995 field investigation, however, the same area had begun to revegetate with small pines and
hardwoods. A partially improved gravel road provides access to the main portion of the study area;
other unimproved paths extend from this road. Several personnel entrenchments, used during training
exercises, have been excavated throughout the study area. Earthen berms and small to medium size
trees have been felled to construct protective works around many of the entrenchments.

1.3.2  Site History
Very little information is known regarding the history or occurrence of waste disposal practices at

Site 63. The study area reportedly received wastes generated during training exercises. The types of
material generated during these exercises is described by MCB, Camp Lejeune personnel as "bivouac”
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waste. Additional information suggests that no hazardous wastes were disposed of at Site 63. The
years during which disposal operations may have taken place are not known.

The Verona Loop portion of MCB, Camp Lejeune (refer to Figure 1-1), which includes Site 63, is
currently unrestricted to military personnel. Training exercises, maneuvers, and recreational hunting
are frequently conducted in the area.

1.4  Previous Investigations

The following subsections describe previous investigation activities at OU No. 13, Site 63. These
investigations include an Initial Assessment Study (IAS) and a Site Inspection (SI).

1.4.1 Initial Assessment Study

In 1983, an IAS was conducted at MCB, Camp Lejeune by Water and Air Research, Inc. (WAR). The
IAS evaluated potential hazards at various sites throughout the facility, including Site 63. The IAS was
based upon review of historical records, aerial photographs, a site visit, and personnel interviews.
Conclusions from the IAS indicated that waste quantities at Site 63, regardless of their nature, were of
a volume that did not require a Confirmation Study; therefore, additional investigations were not
recommended for the study area at that time.

1.4.2 Site Inspection

In 1991, Baker conducted an SI at Site 63 to confirm findings of the IAS. The SI consisted of the
following field activities: the installation and sampling of three monitoring wells (63-GW01,
63-GW02, and 63-GW03); the collection of two soil samples from each monitoring well test boring
(one near the surface and one just above the water table); the collection of two soil samples from six
additional soil borings; and the collection of two surface water and two sediment samples from the
adjacent creek. Table 1-7 provides well construction details of the three shallow monitoring wells
installed during the SI at Site 63. Figure 1-7 identifies the SI sampling locations.

Upon visual inspection of the site, conclusive indications (e.g., distressed vegetation, denuded areas,
etc.) of hazardous waste disposal were not apparent; however, reinforced concrete rubble, construction
material, and various other inert debris were identified during the SI and subsequent site visits. The
observed waste material was limited to-a number of distinct piles or areas, rather than being strewn
throughout the study area.

The following paragraphs briefly describe the results and conclusions of the SI at Site 63. Tables 1-8
through 1-11 present summaries of laboratory analytical results from analysis performed on the
samples collected during the SI.-

1.4.2.1 Soil Investigation

The volatile organic compounds (VOCs) toluene and xylene were detected at concentrations of 2 and
3 pg/kg in a surface soil sample obtained from 63-SB03. No other volatile contaminants were detected
among any of the samples obtained from either surface or subsurface soils. As provided in Table 1-8,
concentrations of semivolatile organic compounds (SVOCs) ranged from 43 pgkg of
di-n-butylphthalate to 280 pg/kg of benzoic acid. The six soil samples obtained during installation of
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the three monitoring wells provided the only SVOC detections. The pesticides 4,4’-DDE, 4,4’-DDD,
and 4,4’-DDT were detected at low concentrations in one surface sample obtained at location 63-SB04;
no other pesticides were detected among the other soil samples. Aroclor-1254 was detected at a
concentration of 1,000 pg/kg in a surface sample obtained from boring 63-SB02, located near the
southern central portion of the study area. Figure 1-8 depicts SI sampling locations and concentrations
of organic compounds detected among soil samples at Site 63.

Several inorganic analytes were also detected among the soil samples obtained at Site 63. The
concentrations of the detected inorganic analytes were, for the most part, consistent with base-specific
background levels. Table 1-8 presents positive detections of both organic and inorganic soil analytical
results from the SI at Site 63.

1.4.2.2 Groundwater Investigation

Carbon disulfide, benzoic acid, and bis(2-ethylhexyl)phthalate were the only organic compounds
detected in groundwater. Carbon disulfide was not detected in any other environmental media at
Site 63. Aluminum, barium, chromium, lead, iron, and manganese (all total metals) were detected at
concentrations which exceeded either federal Maximum Contaminant Levels (MCLs) or North
Carolina Water Quality Standards (NCWQS). However, studies conducted at several sites throughout
MCB, Camp Lejeune have also exhibited concentrations of total metals in excess of water quality
standards. The results of these analyses tend to reflect the presence of suspended material in
groundwater samples rather than depict true groundwater conditions. Table 1-9 presents a summary
of the groundwater analytical results from the SI at Site 63. Figure 1-9 depicts the concentrations of
both organic compounds and inorganic analytes detected among groundwater samples at Site 63.

1.4.2.3 Surface Water and Sediment Investigation

No organic compounds were detected among the two surface water and two sediment samples obtained
from the unnamed creek that lies to the east of Site 63. A number of inorganic analytes were, however,
detected among both the surface water and sediment samples. Iron was the only inorganic analyte
detected at a concentration which exceeded applicable state or federal comparison criteria. Table 1-10
provides a summary of positive surface water detections.

Two sediment samples were also collected from the same sampling locations along the unnamed creek.
Several inorganic analytes were detected including arsenic, chromium, copper, lead, nickel, and zinc.
Only one detection each of copper and lead exceeded federal comparison criteria values. The sediment
comparison values are based upon a potential to adversely impact aquatic life. The concentrations of
copper and lead were within the "probable" adverse effects to biota range. Table 1-11 presents the
sediment analytical results generated during the SI at Site 63.

1.4.2.4 Recommendations of the Site Inspection

Based on the findings of the SI, an RI/FS, including a human health and ecological risk assessment,
was recommended to additionally evaluate the nature and extent of soil, sediment, surface water, and .
groundwater contamination. Further characterization of upgradient groundwater and background soil,
surface water, and sediment was also recommended.
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15  Remedial Investigation Objecti

The purpose of this section is to define the RI objectives that were intended to characterize past waste
disposal activities at Site 63, assess potential impacts to public health and environment, and provide
feasible alternatives for consideration during preparation of the ROD. The remedial objectives
presented in this section have been identified through review and evaluation of existing background
information, assessment of potential risks to public health and environment, and consideration of
feasible remediation technologies and alternatives. As part of the remedial investigation at Site 63, soil,
groundwater, surface water, and sediment investigations were conducted. The information gathered
during these investigations was intended to fill previously existing data gaps and employed to generate
human health and ecological risk values. Table 1-12 presents the RI objectives identified for Site 63.
In addition, the table provides a general description of the study or investigation efforts that were
conducted to obtain the requisite information.
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TABLE 1-1

GEOLOGIC AND HYDROGEOLOGIC UNITS OF

NORTH CAROLINA'S COASTAL PLAIN
REMEDIAL INVESTIGATION, CT0-0340

MCB, CAMP LEJEUNE, NORTH CAROLINA

Geologic Units Hydrogeologic Units
System Series Formation Aquifer and Confining Unit
Quaternary Holocene/Pleistocene Undifferentiated Surficial aquifer
Pliocene Yorktown Formation® Yorktown confining unit
Miocene Eastover Formation® Yorktown Aquifer °
Pungo River Formation® Pungo River confining unit
Pungo River Aquifer
Tertiary Belgrade Formation® Castle Hayne confining unit
Oligocene River Bend Formation Castle Hayne Aquifer
Eocene Castle Hayne Formation
Beaufort confining unit®
Paleocene Beaufort Formation Beaufort Aquifer
Upper Cretaceous Peedee Formation Peedee confining unit
Peedee Aquifer
Black Creek and Middendorf Black Creek confining unit
Formations Black Creek Aquifer
Cretaceous Cape Fear Formation Upper Cape Fear confining unit
' Upper Cape Fear Aquifer
Lower Cape Fear confining unit
Lower Cape Fear Aquifer
Lower Cretaceous® Unnamed deposits® Lower Cretaceous confining unit
Lower Cretaceous Aquifer("

Pre-Cretaceous basement rocks

Notes:

M Geologic and hydrologic units probably not present beneath MCB, Camp Lejeune.
@ Constitutes part of the surficial aquifer and Castle Hayne confining unit in the study area.
® Estimated to be confined to deposits of Paleocene age in the study area.

Source: Harned et al., 1989.




TABLE 1-2

SUMMARY OF SURFICIAL AQUIFER HYDRAULIC PROPERTIES
UNRELATED SITE INVESTIGATIONS
REMEDIAL INVESTIGATION, CTO-0340
MCB, CAMP LEJEUNE, NORTH CAROLINA

Hydraulic Hydraulic
Conductivity Conductivity
Falling Head Test Rising Head Test Transmissivity

Well No. ft/day cm/sec ft/day cm/sec gal/day/ft Storativity
MW-30A 1.18 | 4.16E-04 L5 5.31E-04 - -
MW-31A 0.346 1.22E-04 0.269 9.51E-05 -- --
MW-35A 0.119 4.20E-05 0.116 4.06E-05 - --
MW-32B 6.22 2.20E-03 5.15 1.82E-03 - -
MW-36B - 291 1.03E-03 32 1.13E-03 - -
MW-37B 7.06 2.49E-03 6.44 2.27E-03 - --
GWD-1 6.3 2.40E-03 6.03 2.13E-03 - -
122MW-3 025 8.80E-05 0.015 5.30E-06 -- --
122MW-5 0.47 1.70E-04 0.034 1.20E-05 -- --

122MW-12 0.068 2.40E-05 0.0085 3.00E-06 - -

MW-13® 0.0554 | 1.96E-05 | 0.0032 1.13E-06 - -
MW-14® 0.188 6.62E-05 | 7.26E-04 | 2.56E-07 - --
MW-3@ - - 0.75 2.60E-04 - --
MW-4@ - - 0.27 9.50E-05 - --
MW-11@ - - 0.37 1.30E-04 -- -
MW-21@ - - 0.46 1.60E-04 5.5 0.028
RW-1@ - -- - - 54 -
MW-18® - -- -- - 790 0.014
Notes:

All data compiled from unrelated Baker Investigations with the MCAS, New River operations area.

M AS 527

@ Campbell Street Fuel Farm
A = Upper Surficial Aquifer
B = Lower Surficial Aquifer



TABLE 1-3

HYDRAULIC PROPERTY ESTIMATES OF THE CASTLE HAYNE AQUIFER AND CONFINING UNIT
REMEDIAL INVESTIGATION, CTO-0340
MCB, CAMP LEJEUNE, NORTH CAROLINA

(dimensionless)

average 8.0 x 10°

USGS USGS DEHNR Aquifer
Hydraulic Properties Phase I Study® | = Aquifer Test® ESE, Inc. © Test® RASA Estimate®
Aquifer transmissivity 4,300 to 24,500 1,140 to 1,325 820 to 1,740 average 900 10,140 to 26,000
(cubic foot per day per square foot | average 9,500 1,280
times foot of aquifer thickness)
Aquifer hydraulic conductivity 14 to 82 20 to 60 - 18 to 91 4510 80
(foot per day) average 35 average 54 average 65
Aquifer storage coefficient -- 20x10%t022x10% | 50x10%t0 1.0x 10* 1.9x 10° --

Confining-unit vertical hydraulic
conductivity
(foot per day)

3.0x 10%to 4.1 x 10

14x10%t0 5.1 x 102
average 3.5 x 10°

Notes:

™ Analysis of specific capacity data from Harned and others (1989).

@  Aquifer test at well HP-708.

@ Aquifer test at Hadnot Point well HP-462 from Environmental Sciences and Engineering, Inc. (1988).
@ Unpublished aquifer test data at well X24s2x, from DEHNR well records (1985).
¢ Transmissivities based on range of aquifer thickness and average hydraulic conductivity from Winner and Coble (1989).

Source: Cardinell, et al., 1993.




TABLE 1-4

PROTECTED SPECIES WITHIN MCB, CAMP LEJEUNE
REMEDIAL INVESTIGATION, CTO- 0340
MCB, CAMP LEJEUNE, NORTH CAROLINA

Species Pro.t ectgq
Classification
Animals:
American alligator (Alligator mississippienis) SC
Bachmans sparrow (Aimophilia aestivalis) FCan, SC
Green (Atlantic) turtle (Chelonia m. mydas) T(), T(s)
Loggerhead turtle (Caretta caretta) T(f), T(s)
Peregrine falcon (Falco peregrinus) E(f), (E(s)
Piping plover (Charadrius melodus) T(f), T(s)
Red-cockaded woodpecker (Picoides borealis) E(f), E(s)
Southern Hognose Snake (Heterodon simus) FCan, SR
Diamondback Terrapin (Malaclemys ferrapin) FCan, SC
Carolina Gopher Frog (Rana capito capito) FCan, SC
Cooper's Hawk (Accipiter cooperii) SC
Eastern Diamondback Rattlesnake (Crotalus adamanteus) SR
Eastern Coral Snake (Micrurus fulvius) SR
Pigmy Rattlesnake (Sistrurus miliarius) SR
Black Bear (Ursus americanus) SR
Plants:
Rough-leaf loosestrife (Lysimachia asperulifolia) E(f), E(s)
Seabeach Amaranth (Amaranthus pumjlus) T(f). T(s)
Chapman's Sedge (Carex chapmanij) FCan
Hirst's Witchgrass (Dichanthelium sp.) FCan
Pondspice (L.itsea aestivalis) FCan
Boykin's Lobelia (Lobelia boykinii) FCan
Loose Watermilfoil (Myriophvilum laxum) FCan,T(s)
| Awned Meadowbeauty (Rhexia aristosa) FCan,T(s)
Carolina Goldenrod (Solidago pulchra) FCan, E(s)
Carolina Asphodel (Tofieldia glabra) FCan
Venus Flytrap (Rionaea muscipula) FCan
Flaxleaf Gerardia (Agalinis linifolia) SR
Pinebarrens Goober Grass (Amphicarpum purshii) SR
Longleaf Three-awn (Aristida palustris) SR
Pinebarrens Sandreed (Calamovilfa brevipilis) E(s)
Warty Sedge (Carex verrucosa) SR
Smooth Sawgrass (Cladium mariscojdes) SR
Leconte's Flatsedge (Cyperus Jecontei) SR
Erectleaf Witchgrass (Dichanthelium erectifolium) SR
Horsetail Spikerush (Eleocharis equisetoides) SR
Sand Spikerush (Eleocharis montevidensis) SR




TABLE 1-4 (Continued)

PROTECTED SPECIES WITHIN MCB, CAMP LEJEUNE

REMEDIAL INVESTIGATION, CTO-0340
MCB, CAMP LEJEUNE, NORTH CAROLINA

Species Pm.t ectec.l
Classification

Flaxleaf Seedbox (Ludwigia linifolia) SR
Torrey's Muhley (Muhlenbergia torreyana) E(s)
Southeastern Panic Grass (Panicum tenerum) SR
Spoonflower (Peltandra sagittifolia) SR
Shadow-witch (Ponthjeva racemosa) SR
West Indies Meadowbeauty (Rhexia cubensis) SK
Pale Beakrush (Rhynchospora pallida) SR
Longbeak Baldsedge (Rhynchospora scirpoides) SR
Tracy's Beakrush (Rhynchospora tracyi) SR
Canby's Bulrush (Scirpus etuberculatus) SR
Slender Nutrush (Scleria minor) SR
‘Lejeune Goldenrod (Solidago sp.) SR
Dwarf Bladderwort (Utricularia olivacea) T(s)
Elliott's Yellow-eyed Grass (Xyris glliottii) SR
Carolina Dropseed (Sporobolus sp.) T(s)

Legend

E(f) = Federal Endangered

T({) = Federal Threatened

Fcan = Candidate for Federal Listing

E(s) = State Endangered

T(s) = State Threatened

SC = State Special Concemn

SR = State Rare

Source: LeBlond, 1994
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TABLE 1.5

LAND UTILIZATION WITHIN DEVELOPED AREAS OF MCB, CAMP LEJEUNE
REMEDIAL INVESTIGATION, CT0-0340
MCB, CAMP LEJEUNE, NORTH CAROLINA

Training Supply/ Admin- | Family | Troop

Geographic Area | Operation | (Instruc.) | Maintenance | Storage | Medical | istration | Housing | Housing CM cO Recreation | Utility Total
Hadnot Point 31 i5 154 157 10 122 22 196 115 36 182 40 1,080
2.9 (14) 14.3) (14.4) 0.9 (11.3) 2.0) (18.1) (10.7) 3.3) (16.9) 3.7 (100)
Paradise Point 1 3 1 343 19 31 610 2 1,010
()] 0.4) ) (34) (1.9) @3.1) (60.4) 0.2) (100)

Berkeley Manor/ 406 41 1 57 2 507
Watkins (80) 8.1) 0.2) (11.2) 0.5) (100)

Midway Park 1 _ 2 2 248 8 3 4 1 269
0.4) 0.7 0.7 92.2) 3.0) (1.1 (1.5) (0.9) (100)

Tarawa Terrace I 3 _ 1 428 55 1t 47 8 553
and II 0.5) 0.3) (77.4) (9.9) 2.0) 8.5) (14) (100)

Knox Trailer 57
(100)

French Creek 8 1 74 266 3 7 122 22 6 74 583
(14) 0.2) 2.7 (45.6) 0.5) 1.2) (20.9) 3.8) (1.0) (12.7) (100)

Courthouse Bay 73 28 14 12 12 43 15 4 43 11 255
(28.6) (10.9) (5.5) 4.7 4.7 (16.9) (5.9) (1.6) (16.9) 4.3) (100)

Onslow Beach 6 ' 1 3 2 1 2 2 12 25 8 62
9.8) (1.6) 4.8) 3.2) (1.6) (32) (3.2) (19.3) (40.3) (13.0) (100)

Rifle Range 1 1 7 1 5 7 30 5 1 9 13 80
(1.3) (1.3) 8.9) (1.3) 6.3) (8.8) (37.5) 6.3) 1.3) (11.3) (16.3) (100)

Camp Geiger 4 15 19 50 23 54 27 2 16 6 216
(1.9 6.9 (8.8) (23.1) (10.6) | 5.0 (12.5) (1.0) (714) 2.8) (100)

Montford Point 6 48 2 4 2 9 82 20 1 49 10 233
2.6) (20.5) 0.9) (.7 0.9) 3.9 (35.2) (8.6) 0.4) (21.0) 4.3) (100)

Base-Wide Misc. 1 87 3 19 18 128
0.8) (63.0) 2.3) (14.8) (14.1) (100)
TOTAL 57 155 287 590 17 186 1,523 548 370 65 1,116 119 5,033
(1) 3.1) 6.7 (11.7) (0.38) 3.7 (30.2) (10.8) (7.4) 1.3) 22.2) 2.49) (100)

Notes:

Numbers without parentheses represent total acres.
Numbers within parentheses represent percentage of total acres.
Source: Master Plan, 1988




CLIMATIC DATA SUMMARY

TABLE 1-6

MARINE CORPS AIR STATION, NEW RIVER

REMEDIAL INVESTIGATION, CTO-0340
MCB, CAMP LEJEUNE, NORTH CAROLINA

Precipitation Temperature Mean Number of Days With
(Inches) Relative (Fahrenheit)
Humidity Precipitation Temperature
Maximum | Minimum | Average (Percent) Maximum | Minimum | Average | >=0.01" | >=0.5" | >=90F | >=75F | <=32F
January 7.5 14 4.0 79 54 34 44 11 2 0 1 16
February 9.1 9 39 78 57 36 47 10 3 0 2 11
March 8 8 39 80 64 43 54 10 3 * 5 5
April 8.8 5 3.1 79 73 51 62 8 2 1 13 *
May 8.4 .6 4.0 83 80 60 70 10 3 2 25 0
June 11.8 22 52 84 86 67 77 10 4 7 29 0
July 14.3 4.0 7.7 86 89 72 80 14 5 13 31 0
August 12.6 1.7 6.2 89 88 71 80 12 4 11 31 0
September - 12.8 8 4.6 89 83 66 75 9 3 4 27 0
October 8.9 .6 2.9 86 75 54 65 7 2 * 17 *
November 6.7 6 32 83 67 45 56 8 2 0 7 3
December 6.6 4 3.7 81 58 37 48 9 2 0 2 12
Annual 659 | 382 524 83 73 53 63 118 35 39 189 | 48
Notes:

* = Mean no. of days less than 0.5 days :
Source: Naval Oceanography Command Detachment, Asheville, North Carolina. Measurements obtained from January 1955 to December 1990,




TABLE 1-7

SUMMARY OF WELL CONSTRUCTION DETAILS

SITE INSPECTION

SITE 63, VERONA LOOP DUMP

REMEDIAL INVESTIGATION, CTO-0340

MCB, CAMP LEJEUNE, NORTH CAROLINA

_ ‘ Screen Sand Pack Bentonite
Top of PVC Ground Boring Interval Interval Interval
Casing Surfaf:e Depth Well Depth Depth Depth Depth
Date Elevation Elevation (feet, below (feet, below (feet, below (feet, below (feet, below
Well No. Installed (feet, above ms)?? | (feet, above msl) | ground surface) | ground surface) | ground surface) | ground surface) | ground surface)
63-GW01 8/8/91 49.01 46.0 15 14.0 4.0-14.0 25-15.0 1.8-2.5
63-GW02 8/7/91 45.90 42.6 | 14 13.0 3.0-130 2.0-14.0 1.1-2.0
63-GW03 8/8/91 45.03 41.8 4 14 13.2 3.2-13.2 25-14.0 1.6-2.5
Notes:

Horizontal positions are referenced to N.C. State Plane Coordinate System (NAD 27) CF = 0.9999216 from USMC Monument Toney.

Vertical datum NGVD 29.
msl = mean sea level

m




TABLE 1-8

POSITIVE DETECTIONS IN SOIL
SITE INSPECTION, 1991
SITE 63, VERONA LOOP DUMP
REMEDIAL INVESTIGATION, CTO-0340
MCB, CAMP LEJEUNE, NORTH CAROLINA

Surface Soil (0-2 feet) Subsurface Soil (below 2 feet)
Range of Positive Location of Range of Positive Location of
Detection Detections Maximum Detection Detections Maximum
Organics Frequency (ng/kg) Concentration Frequency (ug/kg) Concentration
Toluene 1/9 2 SBO03 ' 0/9 ND NA
Total Xylenes 1/9 ' 3 SB03 0/9 ' ND NA
Benzoic Acid 2/9 45-280 MW02 0/9 " ND NA
Di-n-butylphthalate 3/9 43-51 MWO1 2/9 43-78 MwQ2
bis(2-Ethyhexyl) 3/9 44-72 MWO02 1/9 62 MWO01
phthalate
4-4-DDE 1/9 S8 SB04 0/9 ND NA
4-4-DDD 1/9 53 SB04 ) ND NA
4-4-DDT 1/9 39 SB04 0/9 ND NA
Aroclor-1254 1/9 1000 SB02 0/9 ND NA




TABLE 1-8 (Continued)

POSITIVE DETECTIONS IN SOIL
SITE INSPECTION, 1991
SITE 63, VERONA LOOP DUMP

REMEDIAL INVESTIGATION, CTO-0340
MCB, CAMP LEJEUNE, NORTH CAROLINA

Surface Soil (0-2 feet) Subsurface Soil (below 2 feet)
Range of Positive Location of Range of Positive Location of
Detection Detections Maximum Detection Detections Maximum

Inorganics Frequency (mg/ke) Concentration Frequency (mg/kg) Concentration
Aluminum 8/9 975-8,450 SBO1 9/9 1,920-20,500 SB04
Arsenic 4/9 1.4-2.3 - SB03 5/9 1.3-9.1 SB06
Barium 3/9 16.9-22.9 SB04 39 16.3-41.8 SB04
Calcium 0/9 ND NA 3/9 79.7-371.0 SB04
Chromium 89 1.7-11.3 SB03 9/9 2.0-30.3 SB04
Copper 8/9 2.3-20.3 SBO5 9/9 2.9-24.0 SB04
Iron 8/9 741-5980 SB03 9/9 682-16,100 SBO1
Lead 8/9 2.2-36.3 SB04 9/9 2.1-8.5 SB04
Magnesium 719 32.2-324.0 SBO1 9/9 40.9-1020.0 SB04
Manganese 7/9 6.6-22.8 SB04 8/9 4.9-57.1 SB04
Nickel 5/9 2.1-3.9 SBO1 7/9 22-73 SB04
Potassium 4/9 373-697 SB03 7/9 290-2,000 SB04
Vanadium 8/9 2.2-13.8 SB03 9/9 1.6-36.9 SB04
Zinc 6/9 8.4-57.1 SB04 79 6.6-33.9 SB04

Notes:

pg/kg - micrograms per kilogram
mg/kg - milligrams per kilogram

ND - not detected
NA - not applicable




TABLE 1-9

POSITIVE DETECTIONS IN GROUNDWATER
SITE INSPECTION, 1991
SITE 63, VERONA LOOP DUMP
REMEDIAL INVESTIGATION, CTO-0340
MCB, CAMP LEJEUNE, NORTH CAROLINA

Comparison Criteria
Range of Positive USEPA State
Detection Detections Location of Maximum MCL Standard
Contaminant Frequency (ng/L) Concentration (ng/L) (ng/L)
Carbon Disulfide 213 1 MW01, MW02 -- 0.7
Benzoic Acid 173 3 MWw02 - -
bis(2-Ethylhexyl)phthalate 1/3 9 MW02 - --
Aluminum 33 3,650-85,300 MW02 0.05-0.2 -
Barium 3/3 56.1-5,410 MW02 2,000 2,000
Chromium 3/3 4.4-134 MWO02 100 50
Iron 373 4,320-100,000 MW02 300 300
Lead 33 4.3-369 MWO02 15M 15
Manganese 33 50.3-1,020 MW02 50 50

Notes:

ug/L - microgram per liter
(M USEPA "action level” for lead




TABLE 1-10

POSITIVE DETECTIONS IN SURFACE WATER
SITE INSPECTION, 1991
SITE 63, VERONA LOOP DUMP
REMEDIAL INVESTIGATION, CTO-0340
MCB, CAMP LEJEUNE, NORTH CAROLINA

Range of
Positive FWQSV/
Detection Detections NCWQS
Contaminant Frequency (ng/L) (ng/L)
Aluminum 212 1,030-1,170 --
Barium 22 26.9-34.8 --/1,000
Calcium 2/2 1,570-2,520 -
Copper 12 6.3 6.54/7.0
Iron 22 1,040-1,090 --/1,000
Magnesium 212 746-845 -
Manganese 212 10.4-13.6 /200
Nickel ' 172 10.2 88/25
Sodium 22 4,150-4,780 -
Thallium 12 2.0 -

Notes:

ng/L - micrograms per liter

FWQSYV - Fresh Water Quality Screening Value (USEPA Region IV, 1994).

NCWQS - North Carolina Water Quality Standard for fresh water aquatic life or more stringent standard
to support additional uses.



TABLE 1-11

POSITIVE DETECTIONS IN SEDIMENT
SITE INSPECTION, 1991
SITE 63, VERONA LOOP DUMP
REMEDIAL INVESTIGATION, CTO-0340
MCB, CAMP LEJEUNE, NORTH CAROLINA

Range of Positive
Detection Detections Effects Range Low®
Contaminant Frequency (mg/kg) (mg/kg)
Aluminum 2/2 803-13,400 -
Arsenic 172 v 35 8.2
Barium 2/2 2.7-342 -
Beryllium 12 0.31 --
Calcium 172 160 » -
Chromium 2/2 1.7-17.3 81
Copper 22 16.8-76.8 34
Iron _ 22 376-5750 --
Lead 21 3.4-90.0 46.7
Magnesium 272 36.5-525 -
Manganese ‘ 2/2 2.7-14.7 -
Nickel 22 3.5-82 20.9
Potassium 12 873 -~
Vanadium 22 1.6-24.0 --
Zinc 22 3.5-19.0 150

Notes:

mg/kg - milligrams per kilogram .
® Region IV - Effects Range Low from Long, et. al., 1995.
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TABLE 1-12

OPERABLE UNIT NO. 13 (SITE 63)
REMEDIAL INVESTIGATION/FEASIBILITY STUDY OBJECTIVES - CTO-0340
MCB, CAMP LEJEUNE, NORTH CAROLINA

Medium or
Area of Concern RI/FS Objective Criteria for Meeting Objective Proposed Investigation/Study
1. Soil la. Assess the nature and extent of soil Characterize contaminant levels in surface | Soil Investigation
contamination within and surrounding |and subsurface soils within the suspected
the suspected disposal area. disposal area.
1b. Assess human health and ecological Characterize contaminant levels in surface | Soil Investigation
risks associated with exposure to soils within the study area. Risk Assessment
surface soils at the site.
1c. Determine whether contamination from {Characterize subsurface soil. Characterize |Soil Investigation
soils is migrating to groundwater. shallow groundwater. Groundwater Investigation
2. Groundwater 2a. Assess human health risks posed by Evaluate groundwater quality and compare  |Groundwater Investigation
potential future usage of the shallow to groundwater criteria and risk-based action |Risk Assessment
groundwater. levels.
2b. Assess nature of shallow groundwater Characterize shallow groundwater quality. | Groundwater Investigation
quality.
2c. Define hydrogeologic characteristics ] Estimate hydrogeologic characteristics of the Groundwater Investigation
for fate and transport evaluation and shallow aquifer (flow direction,
remedial technology evaluation, if transmissivity, permeability, etc.).
required. )
3. Surface Waterand |3a. Assess human health and ecological Characterize nature and extent of Surface Water and Sediment
Sediment risks associated with exposure to_ contamination in surface water and sediment. |Investigation
surface water and sediment in adjacent Risk Assessment
creek.
3b. Determine extent of sediment Identify extent of surface water and sediment }Surface Water and Sediment
contamination for purposes of contamination. Investigation

identifying areas of concern.







— =
i;"‘““":'t-.% ' -.’ 7_ | \ T
e T T g i' m \- /- 4
Siiaat S ,::,% 5 . ;
@ JACKSONVILLE : e \ .7 o MARINE CORPS BASE,
S8 5 e ]
s o
oL N7 A ~
\ . z —— >
% _f & ; ‘! 4 S . ‘“-J VICINITY MAP
; N 2 !
y . T i E \ ———
i = ; .
/4 \(._-_-, \ ;:...J e “(
7 CAMP GEIGER 74 ) Wl MIDWAY PARK
A (TENT CAMP) i el e )
( \‘ \‘\\ .”. B T an W
/ )t
i
A | 4 P A
X r :
l L
S MONTFORD \ PARADISE —am
; POINT * (POINT e
N _..--‘/ rd @ " e e e
“-\ s
\ 2 - —
a = . A _
e M.C. AIR : ,
\ - A, STATION LA~ s = e, < RoUnoaRr
~ Fer .‘"-'._,c*ttjr lr
s, WHEE /
Bk 40
N
CAMP . LEJEUNE
s {
HADNOT - —.. MILITARY . RESERVATION
POINT .~
(PP
..... i
ok
g
RESERVATION 74 .
s ROAD G SR e
o : \
. ~ e TP
\ A v
-
\
~_‘ e J."
i\ AT i
CAMP LEJEUNE 2. 7 & ,
BOUNDARY oL \ ¥ <
S g
\ r o N
‘_/'_'_“_;"\
| Foln
i \
& fn
o o
I i 5
R | J
fw i % \ = e
- { } \ 5 (e e
) RIFLEE < “ (‘ e il
R e 5 4
Co X \ > “ 20
/ ~ 7 4 < 0004’ §‘ ’,; ;/
( ~ et | g £ i e
5 @ 7~ S e \ A %o, \ e 4\ BEACH\ V- 2
m | A L\.g.‘,‘. ra (Rl e o W gm0 ) AREA b/
. / Jés W YO L » e /~CAMP LEJEUNE AR 2 72
[ N7~ At s Hd 3 BOUNDARY G iy, ;
J SNEADS N \ L Wkt
ot FERRY (Y e e /’/
A ~N s /p $ i ...-, v ',/
The i f — __-f»,_‘_.-\ T b //'
/ 8 @ . : \ AL g
/ - 7 =~ T
o S a2
PR _, ‘
2 \ | ey i,l/ 5 ‘,_\ ST e //./‘
g ’ 0 cJ “«h_ N \ r'} ,/. Q,>~$
\‘-'-._ - 2 4 = 4 i \ Ca T é CJ
s N 3 - il n L / 1P O
F e N L > / <
Y ~. ¥ i v i, S (__ g
it v ; S LEGEND
— - e g G S e j./ — . - 1 .-! ’Hj_i ‘\liﬁ.. [ -~ . 83 .
%y 0 / e E ®  DENOTES SITE 63
TR o
~ 3 ; \ o o DENOTES OPERABLE
e , s A B
-~ JE . t PS‘P\ Lt
SoFo0TA Ry B i »“L#C'D LT
Y § FigrC? ,'.’-”7"/ " -“.",‘,TZ/ = G
’ @ B it el it ,@E‘?‘ é\\
i 7 ,\\’P‘
\ o ,‘f’ A N
, iy st AR
Ak Pl T
T\ P :\"":‘“"\: it = 15 0 78 1.6 : 3
Dol g i) e ve memen ow |
) ' 1 ® .
oy e . .
PR AT 1 inch = 1.6 miles
34001 2RI r ) Sl

FIGURE “1=1
OPERABLE LUNIT 13 -  SIIE 63
REMEDIAL INVESTIGATION, CTO-0340

MARINE CORPS BASE, CAMP LEJEUNE
NORTH CAROLINA

- 5170 §NOH Y




— =
. 0 o - I -
T, ot ‘. '-\
ettt et “-‘-'-'}‘"‘?"-'--.-"."‘1._.1‘:'" m . # 4
s Lae o - ; v
@ JACKSONVILLE © ' "~ K. oy . MARINE CORPS BASE,
W 0 Koss AMP LEJEUNE
_.‘ “ 7 e ’ ]
@ , VICINITY MAP

'\ PARADISE
\ POINT

M OU #3 MONTFORD
POINT

_/‘.
o\
g o LcAMP LEJEUNE
[ i . BOUNDARY
t g( ‘/, - .f ﬁ R /
AV ' ! %\ Q”\
- ,_«.‘) ‘\ : . . LEJEUNE
5 \ f HADNOT e 4 MILITARY | RESERVATION
W . o POINT ~ N/ '

\
\

\r’ VERONA )]

LEJEUNE 777 B
= / ¢ it
b N *\\}'./ PR
iy /i il MILITAR RESERVATION i} \
I 4 (oo# —u/'?/(:
. ‘ i, ‘
/ { \ i L E
’ \ \ \"T\ﬂ“‘\
- ¢
I g
Roap
_f Ll
I ‘ \ f
I \--. “‘ e
: '\-‘7} | L.g o~
{ ? A e -
CAMP LEJEUNE . .7 \- {
a BOUNDARY e i S
\ { D e
e
| fr \
'\ Y \
fr { . .‘r. e
g .
; 5 [ i
\ (.-. ‘ [ f \V/ ¥ ¢
L & \ =7 i
- " i P es r,gé
. N ) ({ 2 R g
\ oU #14 \; A TR . PN A
-/ # . R < 0090 -- RN T
! - ~ 7 /L OU #17 R e N £
o e el 4T LN
@) 7 T PR S PN
\/ Y L CAMP LEJEUNE QR
/ it : - BOUNDARY s WAy
/ SNEADS S gl
e, FERRY R
e L e >/
Lo A e el
finees @ | PN e g
R U )
. ..,'/ s - /‘-.)’_,) ARG ! /-/
. "\ \‘ { //
x . PP
2 \ - I g e Q‘P“\
/ gy Lo o =g Qb
ALY - '\f ; /¢ A
Y / . o~ 3 (."‘ ,/
| e / _ LEGEND
e N 7 ‘e DENOTES SITE 36
Ty b / \
oA Sk ¢ OU #6 DENOTES OPERABLE
o o ‘ @7  UNIT Neo. 8
- = r N
1 ].l- S - 7-/ \“ﬂ -7
~ / !
3 oy / Ay
/ i ’?7:-‘ ,? by {o?c"h
A ./ 5 L
& Nl Nl T sl e il
1\ St e L M7 P S 1.5 0 .75 1.5 3 ~
Y o S e e ) o |
) b Ensy 4'1""" e o 1 -
340011RI A .L"".l\" o 1 inch = 1.5 miles ' Baker Environmental, ine.
, .

FIGURE 1-2
OPERABLE UNIT AND SITE LOCATIONS
REMEDIAL INVESTIGATION, CTO-0340

MARINE CORPS BASE, CAMP LEJEUNE
NORTH CAROLINA




- o —
v*—-\.: / /’ / { A ’
e e o T . , /
- : =,
@ JACKSONVILLE ,\ S \ # il MARINE CORPS BASE,
s 8 ; AMP LEJEUNE
N\ b ;
\':_/ : e '\“v_,’/' i
@ (AN i/ 4 et : i VICINITY MAP
/ : Mt P Benk . \
. i Tk Ty T m——
= e\
EIGER gt S N
(
{ CAMF) i .
Y \B Loy St I AR
I T e ?r \‘_t Vs - s
A ‘ Tk
. G q /E\\\- 2 u ."/ E —c
@ i
e W e MONTFORD | PARADISE
- . ¥, 21 POINT . (POINT
{ \ g /\ : A\ —T
\ " e —d
\ 2 bl
‘ J %
\ _emi MG, AIR ( 4.
A 'S CAMP LEJEUNE
| If L‘,&_o_smﬂora Lr\ & BOUNDARY
AT ‘Q" 1
t%‘"( '\\\-\ ! y o L >
o \/ e | ’ \ %\ 3
‘ i \ N2 i
T . L el M s < \
o \ \ 7 " HADNOT -~ .. RESERVA
b ' 2 SITE 63 o POINT .~ 1 ; ‘ TION
v VERONA ) L : (- S
/ ’ ( ; \
Vel 5 =
j Pt ) LEJEUNE e
ST /
T - ad S
e Y7 MILITAR RESERVATION /&
- _‘I.JQQ? .
2. 1
A f.‘dﬂ“ i -
\
7 35 N
\ .\ !N \
Vi % 5
\_._‘ J | N 4 N
] it Q
il
i A o i R S ”~ A
AMP LEJEUNE . 7 & |
BOUNDARY : P Ll _Q
PN
N
A \
s
! cﬁ';
o [ /
i \ : 2"
N COMBAT TOWN \ s
RR-97 @ “RiFLE ‘- s TRAINING AREA T_27 s
N\ RANGE \ ‘ D' v
! ‘ Wl
-/ g g T
& j R O dd
m t’_!/ AREA ) 257
8l
| (/'/"?
Nt AL
/ SNEADS Al
AL FERRY it
\ i e
sl s A '
/ : AR > z v
/ \ : 2L //
. T Z
e K o
i
Jt__k i \ ¥ ? 'l
‘ N g T
e, N
N R See OGQ)X
' s : R By ' ~
2 VP1=1S—A : PR SRR
. b 4 ="
O e ‘,\ . S
, ) _(—: ’f r- hOObs‘t.//’\," f‘_ ,’-' ’\\’P Sn.E
. i g YN T g e ®  DENOTES SITE 63
A A ,z."""""ff"’?-'/\‘ HP—=640 DENOTES BASE
2 @ { o e ®  SUPPLY WELL
5
N i A
il 5 - G,P‘
/ ,/Af‘-" A er f/‘: 2 /}4’) “OQ
N g
R g
\-* B g y y 1.5 0 75 15 3
e e - — ]
AL bl ke
Gerai vl gy i i
340013RI 5 Al AR 1 inch = 1.5 miles Baker Environmental, ne.

SQURCE: DEPT. OF INTERIOR,
WATER-RESOURCES INVESTIGATIONS
REPORT, 89-4096, PLATE 4

FIGURE 1—3
LOCATIONS OF HYDROGEOLOGIC CROSS—SECTIONS
REMEDIAL INVESTIGATION, CTO-0340

MARINE CORPS BASE, CAMP LEJEUNE
NORTH CAROLINA

N17AONA L.V



U.S. DEPARTMENT OF THE INTERIOR

Prepared 1n cooperarion with the

WATER-RESOURCES INVESTIGATIONS REPORT 93-4049

A

~ . e
r {—m PUSY i
e

f'é.-;“t, tnf

¥Y (1.5 MARINE CORPS PLATE 1 “{ .
U.5. GEOLOGICAL SURVEY DEFARTMENT OF THE NAVY, UJ ’E’: }
# R
A : §.g FEET g ', L:"
FEET ' e [ S
100 4 ) )i": _” E_’:
301 Koy
........... Five g
LSE%A'EL h = _n:u-n.z HAYNE CONARING L an _!s:é- b ‘?;
. B A T 00 :_g?%: -
L TN
100 150 ;} “
150 4 L 200 J’ -
L )
200 750 - -
250 [ R
L 300 -% . ,"S
1 - 350 %‘}f.?
mmm_ﬁ'ﬂ CESA TSI T I Vg 7 i : ":,i
'}SQJ Zzﬂyﬁ?jﬂﬂé ............. A F:m_i:‘ JFJ{&@%”—Q{/’@ - 400 é*( o3
w I e - PO
y s T“ . . ‘:‘
450 - ?WM/ ‘7: m“ j—//??j mu UC'ONHNIHG [ % 3 é
00 ': pae * T ™ a5 2 0 E
s:sol I "% L
lmw . -;"j-:z
20 4 fé ‘_‘ ‘l:-
SEA | M= i e SRR e et e, eyl oS Ry E:j :‘”:'i
LEVEL | %;
0 1 e
ol | e S T e AT A
L R A LN )P | o | N A Pt | K (A Sttt 4 I s w‘g ‘ .
200 4 - i
"'QUJ;E. b {'3{’ L
250 1 m%, C o~ : f
! Ly 177/437 i WAt rd A
150 - épEEDE,J CDHF!MHG %"/?/_7 M/f/ “ s AQUIFER - . == 2 L 400 J:Q
] o “‘ e ) o e :
e 'L .......... = " s wTen T ‘LE ,
500 e :\ -
¢ fs FEET o :
j;u - 10e :: ;
rasga FR % k i L
T = T "_"_“—-‘—! S— - E A
@@2@\1 CEELIr L /. CRSTE 7 BaYe 7 SORRINING 7y DRI 7 ;i - SR O
-— B i B —)__ Cm e e emeal L. .
) R et T e . 50 '
D) -- - IIIITIITI I . .3
HAYME AQUIFER ? ’:100 E
St oI TN : B’ 150 L
- L
FFgd T T F T sy s BE A IFORT COM TN (rw; LT a | 2o “5; .'3:1
Y %% U gg
@ S I S L7777 < x ok
] T el e k>f o AQUIFER [ 350 ME,T, 3
@\an Y er 3 _ o o L i"“ 400 E'i'u,ﬂ:g
R
| S s F
v D -
; Eif  FEET - 3
FRET g!‘i': oH r 1o . "~
0 ' :
P R B LSy N
301 " SURFIAL w st-nnuq_ AGUIFER - L%%AEL ,;llg - °'_:.
e i J _ﬁ\ D T o, ERSHUE T KT IMﬁ’mﬁ?’é’ L LeRaNG T Yz, Ll TR 0 :.,
e e el B : [ 3
vl Dol fieguliateltoalel 4 10 E
105 ‘%':\ T :3
[ 1Y i .
150 I CASTLE 2 rouiT L 200 ;'I ) 3
- S S . 3
29 i\ - IUTIISTTT R " 3
240 4 TN T T T T TS s 7 b 3 m o TTEEmm = e ,__,.,_____7_? ) oyl o
L TTZ 17 T 72777, 77, T T T T T T b Lam A
A N, SR eies 7@@ e 4
. A __.[/,7 }Z,’W % ilb”m%"ﬂnmi:’,/r/ L d
3530 uNiT i o
” N /W/f%@/%ﬁgf%/ L ﬁWWJw@/n o
b S rmee s e LT LN o -:r_,_-;—_, """""" L - 430 =
- T SN L
o] | AT e | Ltz /,P,yg; 7 p
_ = S PLELLE AGUIVER ! 55¢ =
550 S emm . BRREE E: : 3
—..‘\.in, mmees g e B A mmmnmlam .;:
HYDROG EQUGEY ADAPTED FROM WINNER AlD “OBLE 1006 o ¥ :L ? 1L i ‘_? MMES - 2
-] 1 é -_“;_‘ _d'_ é ;IILO:EI'ERS _|'
EXPLARATIGN o -
T WELL MUMBES ?: 3
e TAHOORUNETRONG ;':
e N TS, P
4"‘3-5
4
GNMGC:['C‘FENM L] ._,‘JE
”3] [ 9 WES b:;l " 1
o — S e et e T
AL A T T )
HYDROGE<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>